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CHAPTER 1
HYDROGEN LINE PHOTOMETRY APPLIED TO GALACTIC RESEARCH.
1. The Discovery of Luminosity Sensitive Criteria in the Spectra of 
Early Type stars.
One of the fundamental problems of stellar astronomy is 
the determination of the distances to the stars themselves. The distances 
involved, however, are so vast that only for the nearest stars is it 
possible to determine them in a straightforward manner by measuring 
trigonometric parallaxes. In order to study the large scale features 
of the Galaxy, indirect methods must be devised for the purpose of 
determining the great distances to which the most luminous stars can be 
seen.
The early studies of Hertzsprung C1905) gave some indication 
of the utility of spectroscopic criteria for selecting the most luminous 
stars. Eiy examining the proper motions of stars which the Harvard 
workers had grouped in a special sub-class, c, Hertzsprung concluded 
that these stars must be at great distances and intrinsically very 
luminous. Hertzsprung's discovery was followed by detailed studies of 
spectroscopic absolute magnitudes at Mount Wilson by Adams and 
Kohlschutter (1914). At first, particular attention was paid to the 
stars of late spectral type, but in 1922 Adams and Joy (1922) extended
2this work to include stars of la/te B and early A types. They grouped 
stars according to a) spectral type, and b) sharpness of the lines.
Then, from the analysis of trigonometric parallaxes and proper motions, 
they were able to show that there was a definite correlation between 
absolute magnitude and spectral type as well as between absolute magnitude 
and the sharp or diffuse character of the lines.
An independent investigation of spectroscopic parallaxes for 
early type stars was made by Lindblad (1922) • He used a photographic 
technique to measure the relative intensity of bands of the continuous 
spectrum on either side of X = 3907 X. and found that this ratio was 
highly sensitive to luminosity for early type stars. This was attributed 
primarily to the strength of the wings of the h 5 line and it soon 
became apparent that the hydrogen lines could be used as very good 
luminosity criteria for nearly all stars of early spectral type.
Following this work, Lindblad (1926) and Schalen (1926) 
individually, and jointly (1927), devised a luminosity classification 
of early type stars according to the appearance of the hydrogen lines.
They attempted to calibrate their luminosity classes by analysing the 
proper motion and radial velocity material available for these stars.
Schalen compared the derived absolute magnitudes with those of Adams
and Joy and found very reasonable agreement with their classification scheme.
A parallel line of research was carried on at Harvard, notably 
by Miss Fairfield (1924), Miss Williams (1929), and Miss Anger (1930).
3.
M iss Anger determ ined p h o to m e tric a lly  th e  t o t a l  in te n s i ty  o f s e v e ra l  o f 
th e  hydrogen l in e s  and th en  r e la te d  h e r measurements to  ab so lu te  m agnitude. 
She found th a t  th e  c o r r e la t io n  w ith  lum in o sity  was v i r t u a l ly  independent 
o f s p e c t r a l  type from c la s s e s  B5 to  A3. In  subsequent papers (1931)>
(1935)) she used t h i s  method to  d e riv e  d is ta n c e s  fo r  a  la rg e  number o f 
g a la c t ic  c lu s t e r s .
Ohman (l9 3 0 ) c a r r ie d  out a  q u a n t i ta t iv e  ex ten sio n  o f L indblad 
and S c h a le n 's e a r l i e r  work by making photom etric  measurements o f  th e  
t o t a l  HY l in e  i n te n s i ty .  He found th a t  he could r e l a t e  th e se  t o t a l  
i n t e n s i t i e s  in  a  s tra ig h tfo rw a rd  manner to  L in d b lad 's  q u a l i ta t iv e  
c l a s s i f i c a t i o n  based on th e  appearance o f th e  hydrogen l i n e s .  L indblad 
and S te n q u is t (1934) showed how q u a n t i ta t iv e  HY and H6 in te n s i ty  m easurem ents 
could be made w ith  unwidened o b je c tiv e  prism  s p e c tra . This made th e  
method p a r t i c u la r ly  u s e fu l  f o r  work on f a in t  s t a r s .
2. The Development o f  th e  Theory o f Hydrogen Line Broadening.
The su g g es tio n  th a t  th e  broadening o f th e  hydrogen l in e s  
in  e a r ly  type s t a r s  m ight be due to  the  a c tio n  o f th e  S ta rk  e f f e c t ,  was 
made by H ulbert (1924). However, i t  was th e  work o f S truve (1929) t h a t  
f i r s t  showed c o n c lu s iv e ly  th a t  t h i s  mechanism could q u a l i t a t iv e ly  e x p la in  
th e  o b se rv a tio n s . I f  t h i s  type  o f l in e  broadening i s  in v o lv ed , th e  s tro n g  
c o r r e la t io n  between hydrogen l in e  in te n s i ty  and th e  i n t r i n s i c  s t e l l a r  
lu m in o sity  can be understood  a t  once. For s t a r s  of a  p a r t i c u la r  s p e c t r a l
4temperature class, the Stark broadening will depend on the ion and 
electron density in the layer of the stellar atmosphere in which the 
Bahner lines are formed. The effective surface gravity and the resulting 
atmospheric pressure in stars of high luminosity, is necessarily very 
much less than in stars of lower luminosity. As a result, the Stark 
broadening mechanism makes a correspondingly smaller contribution to 
the line broadening.
Elvey and Struve (1930) examined the profiles of the hydrogen 
lines in high dispersion spectra of A type stars. They found that the 
line wings were far more extensive than had previously been supposed.
Good general agreement was found between the measured profiles and those 
predicted by the Stark broadening theory. The first detailed attempt to 
determine the effects of Stark broadening in a stellar atmosphere 
theoretically was made by Verweij (1936) who applied the statistical 
broadening theory, developed by Holtsmark, to a series of model atmospheres. 
Although he was able to account qualitatively for the observed line 
profiles, the detailed agreement was not good, particularly with respect 
to the line cores which were too deep and too broad when compared with 
observation.
Theoretical calculations of the hydrogen line profiles are 
difficult. This is largely because the lines are formed in the outermost 
layers of the star where the properties of model atmospheres are very 
sensitive to the assumed boundary conditions. More recently, comparisons
5between th e o r e t ic a l  and o b se rv a tio n a l l in e  p r o f i le s  have been made by 
Miss McDonald (1953) and T raving (1955) * Miss McDonald found th a t  she 
could o b ta in  good agreem ent fo r  th e  wings o f the  l in e  but n o t f o r  th e  
l in e  c o re s . In  T raving*s m odels, th e  su rfa ce  g r a v i t ie s  th a t  were 
re q u ire d  to  o b ta in  th e  computed p r o f i l e s  were la rg e r  th an  th o se  
c a lc u la te d  from th e  mass and ra d iu s  d a ta  a v a ila b le  fo r  the  s t a r s .  Miss 
U n d e rh ill (1952) concluded th a t  th e  Holtsm ark broadening th eo ry  was not 
adequate to  p re d ic t  th e  observed l in e  broadening. Odgers (1952) 
suggested  th a t  th e  d isc rep an cy  between o b se rv a tio n  and th eo ry  could  be 
reduced by ta k in g  in to  account an e le c tro n ic  component o f th e  S ta rk  
l in e  broaden ing . I t  became c le a r ,  from in v e s t ig a t io n s  such as th e s e ,  
th a t  th e  s t r u c tu r e s  o f model atm ospheres were no t w e ll enough known to  
be used to  d is t in g u is h  between d i f f e r e n t  th e o r ie s  o f l in e  b roadening  and 
th a t  f u r th e r  advances would p robably  stem from la b o ra to ry  experim ents in  
which th e  p re c is e  p h y s ic a l co n d itio n s  could  be r e a d i ly  c o n tro l le d .
Two such experim ents which have y ie ld e d  p a r t i c u la r ly  u s e f u l  
r e s u l t s  were c a r r ie d  a t  K ie l and a t  M ichigan. The K ie l experim ent 
(L ochte-H oltgreven; 1952) made use o f an arc s tru c k  in  th e  hollow  of 
a  w h irlin g  tube f i l l e d  w ith  w ater w hile th e  M ichigan experim ent (T urner 
and D oherty; 1955) used a p re ssu re  shock wave to  produce th e  p h y s ic a l 
co n d itio n s  in  which the  Balmer l in e s  a re  formed. Both experim ents found 
th a t  th e  Holtsm ark th e o ry  p re d ic te d  a  p r o f i l e  which was too  narrow  when 
compared to  th e  p r o f i l e  th a t  was observed in  th e  la b o ra to ry  and i t  was
6clear that the whole theory of statistical line broadening needed 
closer investigation.
In his thesis, Kolb (1956) criticised the approximations made 
in the application of the Holtsmark theory. The contribution of 
electrons to Stark broadening, for example, can become very important, 
especially in the line wings, ^y taking such factors into account in 
his theoretical treatment, he was able to obtain good agreement with the 
laboratory profiles. Aller and Jugaku (1958) have applied the Kolb 
theory to model atmospheres of early type stars and have found the 
agreement to be satisfactory after allowing for the uncertainties of the 
models.
3* Recent Systems of Spectral Classification for Early Type Stars.
The methods of spectral classification have been developed 
primarily to meet the need for a concise, descriptive summary of the 
physical characteristics of the stars. Many classification systems have 
been devised and applied with some measure of success. It is, however, 
the procedure formulated by Morgan, Keenan and Kellman (1942) that has 
achieved the widest use. This system was based on the relative appearance 
of various lines and bands in spectra with a dispersion of the order of 
100 J/mrn. It was published in the form of an atlas which contained 
prints illustrating the various temperature and luminosity groups.
Each spectral class had its own criteria. For example, in the 0 and 
early B type stars, the classification depended mainly on the relative
7,
strengths of helium, neutral and ionised, and of the lines due to 
ionised silicon and oxygen. The system underwent a slight revision ten 
years later by Morgan and Keenan (Johnson and Morgan; 1953) and is 
known in its modified form as the Morgan-Keenan or MK system.
The advantages of the MK system are that it is easily 
reproducible and can be used to describe a large percentage of the stars 
in the sky. It is possible to calibrate the luminosity and temperature 
classes directly in terms of absolute magnitude and effective temperature. 
Absolute magnitudes, determined in this way for early type stars, have 
proved especially useful in studies of galactic structure. Unfortunately, 
the discrete nature of the luminosity classes introduces a large scatter 
into the absolute magnitude calibration. Small systematic differences 
between the classifications that have been made by various observers 
working with different instruments, can lead to large systematic 
errors in the absolute magnitudes.
To overcome this disadvantage, several systems of quantitative 
spectral classification have been devised. As classification parameters, 
these methods employ accurate photometric measurements of isolated sections 
of the stellar spectrum. Petrie (1952), (1956), has been largely 
responsible for the revival of interest in the hydrogen line intensities 
as quantitative criteria of luminosity. He measured the equivalent 
width of the HY line in spectra of moderately high dispersion for a 
large number of B type stars. This quantity was then calibrated in terms
8of absolute visual magnitude. The calibration was based on absolute 
magnitudes derived from trigonometric and dynamical parallaxes of stars 
and moving star clusters supplemented by spectroscopic parallaxes for some 
visual and eclipsing binary stars. Petrie found that the calibration 
relation could be represented by a single curve but that a small 
correction depending on spectral type was necessary to take into account 
the variation due to temperatures for stars of constant luminosity. A 
certain amount of criticism can be levelled at Petrie's absolute 
magnitude calibration procedure which we shall discuss in detail in 
Chapter 3. Work along similar lines has been carried out by Beer (1961 ) 
with plate material obtained from the Radcliffe Observatory in South 
Africa and by Kopylov (1958) in the Soviet Union.
A major improvement in the technique of hydrogen line photometry 
was introduced by Stromgren (1958a). He used narrow band interference 
filters to isolate a narrow spectral region centred on the Hp line for 
measurement with a photomultiplier. Because of the high quantum 
efficiency of this system, it was possible to extend Petrie's method to 
stars that were too faint to be observed spectroscopically at the 
dispersion required for HY measurements. Stromgren also used interference 
filters to isolate other astrophysically significant features in the 
spectrum such as the Balmer discontinuity and the G-band with notable 
success. The nominal gain over conventional spectroscopic methods is 
equal to the ratio of the quantum efficiencies of the photomultiplier 
and the photographic plate. This amounts to about 4 magnitudes.
9Johnson and Iriarte (1958), Bappu et al (1962) and Sharpless (1962) 
used interference filters to isolate HY rather than H^ • Johnson 
and Iriarte, and Bappu et al derived a calibration relating HY intensity 
to absolute magnitude for early type stars,
Strömgren (1958b) has developed a two dimensional classification 
for early type stars based on his interference filter measurements. With 
filters placed at carefully chosen wavelengths, he measured two 
quantities, 1, and c, both of which were effectively independent of 
interstellar reddening. The quantity 1 is closely related to the strength 
of the H p line and c is a measure of the magnitude of the Balmer 
discontinuity. While c depends mainly on the effective temperature of 
the star, 1 is a sensitive luminosity criterion. Strömgren plotted the 
values of 1 and c for a number of B type stars with 1 as ordinate and 
c as abscissa. The diagram was analagous to the more conventional 
colour-magnitude plot. By calculating how 1 and c would be expected to 
vary as a function of time for stars of normal composition, Strömgren 
showed how the (l,c) diagram for a group of early type stars could be 
used to estimate their ages. He also pointed out how variations in the 
hydrogen/helium ratio of early type stars might be detected on such a 
diagram.
Crawford (1958) applied a variation of Strömgren's method to 
a study of several groups of early type stars. He replaced Strömgren's 
parameter, 1, by the index, ^  , which was also a measure of the H|3 line
10.
strength but was defined in a different way. As a substitute for the 
parameter, c, he used the intrinsic colour index, (U-B) of the 
Johnson-Morgan UBV photometric system. Although this index is not so 
precise a measure of the Balmer discontinuity as the parameter, c, it 
has the advantage of already being available for many star's since it is 
a colour index of a widely used photometric system, Crawford applied 
his two dimensional classification system to several groups of early 
type stars. He showed how , (U-B)q) diagrams could be used very 
effectively to detect age differences between young clusters and 
associations. Using their observations of stars in the Scorpius-Centaurus 
association, Hardie and Crawford (1961) derived a calibration of the 
indices in terms of absolute magnitude,
A similar type of classification has been developed by Chalonge 
and his co-workers (c.f. Chalonge; 1958). Prom measurements made of 
microphotometer tracings from spectra of moderate dispersion, they 
defined two parameters, X^, and D, which are closely related to the 
position and depth of the Bahner discontinuity. The quantity D is 
therefore very similar to the indices c and (ü -B)q that were used by 
Strömgren and Crawford, The quantity X^, which is defined as the 
wavelength at which the continuum has fallen to the half-intensity point 
of the discontinuity, is a sensitive indicator of the amount that the 
higher Balmer lines are broadened by the Stark effect. It is therefore 
a luminosity parameter that is very similar to the indices, 1 and ^  . It
I
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i s  p o s s ib le ,  th en , to  c o n s tru c t a (x^ , D) c l a s s i f i c a t io n  fo r  e a r ly  
type  s ta r s  th a t  i s  very  s im ila r  to  the  systems o f Stromgren and Crawford.
In  a d d itio n , Chalonge in tro d u ced  a th i r d  param eter, a co lo u r g ra d ie n t ,  
t h a t  allow ed him to  d is t in g u is h  between s ta r s  e a r l i e r  and l a t e r  th an  
type  A. With t h i s  th re e  d im ensional c l a s s i f i c a t io n ,  he was ab le  to 
d i f f e r e n t i a t e  between s t a r s  w ith  s l i g h t ly  d i f f e r e n t  chem ical com positions 
and a  d i s t i n c t  s e p a ra tio n  between p o p u la tio n s  I  and I I  was o b ta in ed .
The Chalonge c l a s s i f i c a t i o n  system has a l l  the  advantages o f th e  Strömgren 
and Crawford system s f o r  e a r ly  type s t a r s  except th a t  i t  s u f f e r s  from 
th e  low quantum e f f ic ie n c y  th a t  i s  c h a r a c te r i s t i c  o f pho tograph ic  methods.
An extrem ely  u s e fu l  system o f photom etric  s p e c tr a l  c l a s s i f i c a t i o n  
has been dev ised  f o r  e a r ly  type s t a r s  by th e  Walravens (W alraven, Th. and 
W alraven, J ;  i9 6 0 ). They have co n stru c te d  a p o la rim e te r  which i s o la te s  
5 bands o f th e  spectrum . The in t e n s i t i e s  o f th e se  a re  measured 
s im u ltan eo u sly  by 5 p h o to m u ltip lie r  tu b e s . Pour o f th e  bands a re  cen tred  
so as to  g ive  measurements o f  th e  continuum in  th e  yellow , b lu e , u l t r a ­
v i o l e t ,  and f a r  u l t r a v i o l e t .  These c o lo u rs , denoted by V, B, U and W, 
can be combined to  g ive  a  two d im ensional c l a s s i f i c a t io n  o f e a r ly  type 
s t a r s  accord ing  to  tem peratu re  and lu m in o sity . T his can be done even 
when th e  s t a r s  a re  m oderately  a f fe c te d  by i n t e r s t e l l a r  redden ing . A 
second, independent c l a s s i f i c a t io n  was c o n stru c ted  by in tro d u c in g  a 
f i f t h  co lo u r, L. The band L, cen tred  on X = 3900 &, co n ta in s  th e  l in e s  
Hfc, H$, Hr), HÖ and i t s  in te n s i ty ,  i s  s tro n g ly  dependent on t h e i r  w idths
12
and hence on luminosity. The Walravens were able to relate the 
unreddened colour, (B-L), to the Crawford index. They found that 
the classification of a star on the (V, B, L, U) system was almost 
invariably consistent with the classification on the (V, B, U, w) system.
Stromgren has recently introduced a four colour classification 
system based on intermediate band, interference filter photometry 
(Stromgren; 1963). The system has been applied mainly to A and P type 
stars up until the present, but Westerlund (1963b) has recently shown 
how it can be very usefully adapted to stars of earlier spectral type.
A detailed high dispersion study of the luminosity criteria 
in early type stars has been made by Sinnerstad (1961a) (1961b)• The 
aim of his investigation was to study, in detail, the criteria upon 
which the Stockholm and Uppsala classifications were based. He compiled 
a catalogue of absorption line intensities and depths for 179 early 
type stars. Particular attention was paid to the variation of the H7 
and H6 line intensities with luminosity and temperature. Sinnerstad 
concluded that the intensity of the hydrogen lines varies so strongly 
with luminosity and so slightly with temperature that in any luminosity 
calibration of the hydrogen line intensities only small improvements 
could be obtained by taking temperature effects into account.
4. The Role Played by Early Type Stars in Galactic Studies.
It is only recently that the great importance of early
13
type s t a r s  has been reco g n ised  in  s tu d ie s  o f th e  la rg e  sca le  s t ru c tu re  
o f th e  Galaxy, Because o f t h e i r  h igh  i n t r i n s i c  lu m in o s itie s , th e se  
s t a r s  a re  very  u s e fu l  f o r  s tu dy ing  the  d is t r ib u t io n  o f s ta r s  in  the  
Galaxy a t  g re a t d is ta n c e s  from th e  Sun,
Baade (1950) f i r s t  d iscu ssed  the  s tro n g  connection  between 
th e  0 and e a r ly  B s t a r s ,  th e  d u s t and g as , and th e  o v e ra l l  s p i r a l  
s t r u c tu r e  o f th e  Andromeda ga laxy . These v e ry  e a r ly  type s t a r s ,  th a t  
have been grouped by Morgan (1950) in to  th e  s p e c t r a l  c la s s  OB, e v id e n tly  
fo llo w  th e  s p i r a l  arms in  a  galaxy  c lo s e ly . They a re  o f te n  e a s i ly  
d e te c te d  from th e  reg io n s  o f io n ise d  hydrogen th a t  they  e x c i te .  Morgan, 
S h a rp le ss  and O sterbrock  (1952) made use o f  Baade’s fin d in g s  in  t h e i r  
su c c e ss fu l a ttem p t to  d e te c t  s p i r a l  s t ru c tu re  in  our own Galaxy. They 
s e le c te d  H I I  reg io n s  whose e x c it in g  s ta r s  could be id e n t i f ie d  as having 
th e  s p e c t r a l  type  OB. The d is ta n c e s  o f th e se  s t a r s  were th en  e s tim ated  
from a com bination o f MK s p e c tr a l  c l a s s i f i c a t i o n  and m u ltic o lo u r 
photom etry . Using th e se  d is ta n c e  e s tim a te s , they  were ab le  to  t r a c e  
th re e  s p i r a l  aims in  th e  neighbourhood o f the  Sun. Morgan, W hitford 
and Code (1953) extended t h i s  work by o b ta in in g  new d is ta n c e s  fo r  a  
number o f a s s o c ia t io n s  c o n ta in in g  OB s t a r s .
This g en e ra l method i s  now a s tan d a rd  one in  o p t ic a l  s tu d ie s  
o f  the  la rg e  s c a le  s t r u c tu r e  o f  th e  Galaxy but i s  sev e re ly  l im ite d  by 
th e  f a i n t e s t  apparen t m agnitude a t  which a s u i ta b le  number o f  s p e c tra  
can be o b ta in ed , even w ith  a la rg e  te le s c o p e . As t h i s  th e s i s  w i l l  show,
14
th e  tech n iq u es  o f  Strom gren and Crawford can be used to  ex tend  th i s  
magnitude l im i t  by th re e  o r  fo u r m agnitudes when they  a re  used in  
co n ju n c tio n  w ith  pho tograph ic  surveys o f  OB type s t a r s .
Narrow band Hß photom etry i s  a lso  being ap p lied  e x te n s iv e ly  
to  s ta r s  o f l a t e  B s p e c tr a l  ty p e . Crawford (1963b) has p u b lish ed  a 
ta b le  c o n ta in in g  U, B, V and Hß photom etry f o r  501 s ta r s  o f  s p e c t r a l  
type B8 and B9 th a t  a re  b r ig h te r  th an  magnitude 6 .5 . These o b se rv a tio n s  
a re  being used by Strom gren and Crawford (Strom gren; 1962) to  study th e  
d e ta i le d  d i s t r ib u t io n  o f th e  i n t e r s t e l l a r  dust w ith in  200 p a rse c s  of th e  
Sun. In  a second a p p lic a t io n , the  same d a ta  i s  being  used to  c o r r e la te  
th e  k inem atic  p ro p e r t ie s  o f l a t e  B type s ta r s  w ith  t h e i r  ages (Strom gren; 
1963).
5. The Method and Scope o f th e  P resen t S tudy.
In  th i s  in v e s t ig a t io n ,  Strom gren’s method w i l l  be used to  
i s o la te  one of th e  hydrogen l in e s  fo r  th e  purpose o f making q u a n t i ta t iv e  
lum inosity  c l a s s i f i c a t io n s  f o r  a  la rg e  number o f  e a r ly  type s t a r s .  
S evera l f a c to r s  e n te r  in to  th e  choice o f the  Balmer fe a tu re  to  be 
measured. I f  p o s s ib le , one o r more o f the  h ig h e r members o f th e  Balmer 
s e r ie s  should be chosen. There a re  two reasons fo r  t h i s .  For th e se  
l in e s ,  th e  magnitude o f th e  S ta rk  e f f e c t  i s  g r e a te r  and a t th e  same tim e 
any e f f e c t  o f l in e  em ission i s  le s s  th an  f o r  Ha and H|3 • U n fo rtu n a te ly , 
th e re  a re  p r a c t i c a l  d i f f i c u l t i e s  in  making p re c is e  measurements o f th e se
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lines with narrow band interference filters. Due to the finite band­
width of the filters, other spectral features may contaminate the 
measured signal. This applies particularly to HY and H6 in the spectra 
of 0 and early B type stars. The 0 II line, at X = 4349 X can attain 
an intensity almost equal to that of HY at X = 4340 X. for BO supergiants 
and so makes accurate measurement of the HY intensity very difficult 
for this type of star when the interference filter method is used. The 
Si IV line at X = 4089 i and the N III line at X = 4097 1 can also 
contribute appreciably to the strength of the H6 line at X = 4101 i, as 
measured with interference filters.
For these reasons the line was chosen for the study. An 
immediate advantage of using Hß is that a large amount of observational 
material has already been collected by Stromgren and Crawford.
Crawford (i960) has set up an extensively observed set of standard stars 
for Hp photometry which are very valuable for calibrating the slight 
night to night drifts that sometimes occur in the characteristics of 
interference filters.
In this thesis, the Stromgren technique of interference filter 
photometry will be applied primarily to the determination of distances 
for faint groups of 0 and B type stars in the Galaxy. The observational 
programmes have been drawn up to enable detailed studies to be carried 
out in particular galactic longitudes, which earlier radio and optical 
studies have shown to be of special interest. In the concluding sections,
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an indication w ill be given as to how U, B, V and photometry can 
also lead to information about the ages of young groups of 0 and 
B type stars*
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CHAPTER 2.
THE OBSERVATIONS 0E THE H-BETA LIRE INTENSITIES,
1 * H$ Measurements w ith  In te r fe re n c e  F i l t e r s ,
With th e  advent on th e  commercial m arket o f  h igh  quality- 
in te r f e r e n c e  f i l t e r s  w ith  bandwidths narrow er than  50 X, i t  has become 
p o s s ib le  to  apply  th e  f a s t  and accu ra te  methods o f p h o to e le c tr ic  
photom etry to  th e  measurement o f  in d iv id u a l fe a tu re s  in  th e  s p e c tra  of 
f a in t  s t a r s .  In  h is  p io n eerin g  work, Stromgren ( 1958a) used th re e  
in te r fe re n c e  f i l t e r s  to  i s o la te  th e  H^ l in e  f o r  p h o to e le c tr ic  measurement. 
One f i l t e r ,  w ith  a  35 2. h a lf-w id th  was cen tred  on th e  H ß l in e  a t  
X = 4861 X w hile th e  o th e r  two were cen tred  a t  X = 5000 X and a t  
X = 4700 X and had bandwidths o f approxim ately  100 X .
a «•'
Strom gren defin ed  th e  index 1 as
1 = co n stan t + 2.5 lo S10 I 5000 + 2 lo g 10 I 4700 “  lo g 10 I 4861^ 
where I .  denotes th e  in te n s i ty  o f th e  s t a r l i g h t  as measured th rough  th e  
f i l t e r  o f w avelength X. While th e  measured in te n s i ty ,  1 ^ ^  was extrem ely 
s e n s i t iv e  to  th e  amount o f hydrogen l in e  a b so rp tio n  in  th e  in c id e n t  
s t a r l i g h t ,  th e  v a lu es  o f  I^ qqq a*1«! ^4700 were dependent only on th e  
in te n s i ty  of th e  continuum ra d ia t io n .  The index 1 was independent o f 
th e  magnitude o f  th e  s t a r  and th e  w avelengths o f th e  f i l t e r s  were chosen 
so th a t  i t  was alm ost com pletely  u n a ffec ted  by i n t e r s t e l l a r  and atm ospheric
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red d en in g .
A v a r ia t io n  on t h i s  procedure f o r  m easuring the  E ß  ab so rp tio n  
was proposed by Crawford (1958). This i s  th e  method th a t  has been 
fo llow ed  in  making th e  o b se rv a tio n s  th a t  a re  d esc rib ed  h e re . Crawford 
used  only  two in te r fe re n c e  f i l t e r s ,  both  o f which had t h e i r  peak 
tra n sm iss io n  c en tred  on th e  l in e .  The tra n sm iss io n  bands o f  th e  
f i l t e r s  had h a lf -w id th s  o f 15 X and 150 5L Crawford d efin ed  an Eß 
index  J? as
ß  = c o n sta n t + 2.5 (lo g  I 15Q -  log  1 ^ )  
where 1^ denotes th e  in te n s i ty  o f th e  s t a r l i g h t  measured th ro u g h  th e  
f i l t e r  w ith  h a lf -w id th /^  The measured in te n s i ty  I ^ q was a.lmost 
e n t i r e ly  due to  r a d ia t io n  from th e  s t e l l a r  continuum, f a r  from th e  
wings o f  the  E ß  l in e  and th e re fo re  was a good index of the  s tre n g th  
o f the  continuum. I  , on th e  o th e r  hand, depended s tro n g ly  on th e  
amount o f hydrogen l in e  ab so rp tio n  in  th e  in c id e n t s t a r l i g h t .  The E ß  
index p i s  ve ry  s im ila r  to  th e  S tr ’omgren 1 index . I t  i s  a lso  
independent o f th e  apparent magnitude o f  th e  s t a r  and because o f  th e  
sym m etrical arrangem ent o f  th e  f i l t e r s ,  i s  no t a f fe c te d  by i n t e r s t e l l a r  
or atm ospheric redden ing . Crawford was able to  show th a t  ß  and 1 could  
be re la te d  by a sim ple l in e a r  eq u a tio n .
While narrow  band in te r fe re n c e  f i l t e r s  have s e v e ra l advantages 
over th e  more commonly used g la s s  f i l t e r s ,  t h e i r  tra n sm iss io n  
c h a r a c te r i s t ic s  a re  extrem ely s e n s i t iv e  to  sudden tem peratu re  
v a r ia t io n s , to  atm ospheric hum idity  and to  rough h an d lin g . Slow d r i f t s
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a re  o f te n  found in  t h i s  type o f f i l t e r  over a  p e rio d  o f y e a rs . At 
approx im ately  y e a r ly  in te r v a l s ,  the  two Hfi f i l t e r s  used fo r  th e  
o b se rv a tio n s  were examined w ith  a  Beckman re c o rd in g  spectropho tom eter. 
No g ro ss  v a r ia t io n s  in  th e  f i l t e r  c h a r a c te r i s t i c s  were d e tec te d  over 
th e  two y ear p e rio d  in  which o b serv a tio n s  were conducted.
Although no long p e rio d  changes were e v id en t, sm all but 
s ig n i f ic a n t  v a r ia t io n s  in  th e  tra n sm iss io n  o f th e  15 X f i l t e r  
o c c a s io n a lly  occurred  from n ig h t to  n ig h t .  Allowance was made fo r  
th e se  a p p a ren tly  e r r a t i c  e f f e c t s  by c a l ib r a t in g  th e  f i l t e r s  a g a in s t  
a number o f s tan d a rd  s t a r s  on each n ig h t o f  o b se rv a tio n .
2 . The Equipment Used fo r  th e  O bserva tions.
While i t  i s  p o s s ib le  to  c a r ry  out in te r fe re n c e  f i l t e r  
photom etry a t  th e  te le sc o p e  w ith  a co n v en tio n a l s in g le  channel 
photom eter, many advantages a re  gained i f  th e  equipment i s  p lanned 
s p e c i f ic a l ly  f o r  measurements of t h i s  ty p e . S p ec ia l two channel 
photom eters were designed and co n stru c te d  by Stromgren ( 1958a) and 
Crawford (1958). These proved to  be h ig h ly  su c c e ss fu l in  o p e ra tio n .
So th a t  o b se rv a tio n s  o f a  s im ila r  n a tu re  could  be made from th e  
so u thern  hem isphere, a  photom eter m odelled on Stromgren and C raw ford’s 
in s tru m en ts  was designed and b u i l t  a t  Mount Strom lo by the  workshop 
s t a f f  under th e  su p e rv is io n  o f Dr* S.C .B . G ascoigne. The au th o r owes 
a  g re a t debt to  Dr. Gascoigne f o r  h is  e n th u s ia s t ic  d i r e c t io n  o f  th e  
p ro je c t  in  th e se  e a r ly  s ta g e s . In  f a c t ,  Dr. G ascoigne 's f o r e s ig h t  and
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constant encouragement helped in no small way to make this study 
possible within the allotted time.
Before discussing the details of the observations, it will be 
useful to describe briefly the several unusual features of the photometer 
and its auxiliary equipment. A schematic diagram of the Stromlo 
photometer is shown in Figure 2.1. The light beam from the telescope 
is split into two components by a neutral dielectric beam splitter 
at A. ICf/o of the incident light is transmitted while 30% is reflected 
at right angles to the incident beam. An aluminised mirror at B 
reflects the 30^ component so that the two beams become parallel. For 
convenience these two beams will be referred to in the future as the 
direct beam and the indirect beam respectively. Each beam passes 
through its own filter and focal plane aperture. Two field lenses 
focus images of the telescope primary mirror on each of the photo­
multipliers. Special care was taken in the construction of the 
photometer to minimise relative displacements of the beams due to 
flexures in the photometer itself. The design of this instrument 
makes it possible to measure simultaneously, the intensity of starlight 
through two different filters.
The photomultipliers of the photometer are of the R.C.A. 1P21 
type. These are chosen because of their high sensitivity and low 
dark current. Both these properties are very important in interference 
filter photometry since only a small fraction of the incident light is
passed by the narrow band filters. The limiting magnitude of the stars
Figure 2.1 Schematic Diagram of the Strömgren Two-Channel 
Photometer.
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th a t  can be observed i s  determ ined by th e  p h o to m u ltip lie r  s e n s i t i v i t y
and dark  c u rre n t r a th e r  than  by the  background r a d ia t io n  o f th e  n ig h t
sky. To s e le c t  two s u i ta b le  p h o to m u ltip lie rs  fo r  th e  photom eter, t e s t s
were conducted on two dozen R.C.A. 1P21 p h o to m u ltip lie rs  in  th e
p o sse ss io n  o f th e  o b se rv a to ry . The p h o to m u ltip lie rs  a re  housed in
se p a ra te  compartments o f a  w e ll in s u la te d  co ld  box which i s  a tta ch e d
to  th e  photom eter head. In  o p e ra tio n , th e  p h o to m u ltip lie rs  a re
coo led  to  reduce th e  dark  c u rre n t by packing dry  ic e  around th e  c e l l
com partm ents. The o p e ra tin g  v o ltag e  on each p h o to m u ltip lie r  i s  u s u a lly
-13900 v o l t s .  Under th e se  c o n d itio n s , dark  c u rre n ts  o f 5 x 10 amps a re  
norm ally  o b ta in ed .
When an o b se rv a tio n  i s  made, th e  s ig n a ls  from each p h o to m u ltip lie r  
a re  in d iv id u a lly  am p lified , in te g ra te d  and reco rd ed . The arrangem ent 
o f th e  v a rio u s  item s o f equipment used fo r  th e se  o p e ra tio n s  i s  
i l l u s t r a t e d  by th e  diagram s in  F igure 2 .2 . The two a m p lif ie rs  a re  each 
o f  th e  G eneral Radio 1230-A type and both  a re  c a re fu l ly  c a l ib r a te d .  In  
th e  course o f a s in g le  o b se rv a tio n , i t  i s  on ly  necessa ry  to  a d ju s t  th e  
v o lta g e  range s te p s  ( f in e  sh u n ts) o f th e  in s tru m en t. C a l ib ra tio n  
measurements o f th e se  s te p s  were made re g u la r ly  every s ix  m onths. Over 
th e  v/hole two y e a r p e rio d  in  which o b serv a tio n s  were made, no v a r ia t io n s  
from th e  marked s te p  v a lu es  as g re a t as 0.1% were found.
Zero d r i f t s  in  th e  two a m p lif ie rs  a re  sometimes troub lesom e, 
p a r t i c u la r ly  when th e re  a re  ra p id  tem peratu re  changes in  th e  dome du rin g  
o b se rv a tio n . The o b se rv a tio n a l procedure th a t  i s  d iscu ssed  below makes
Figure 2.2 a) Block Diagram of the Recording System First
Used.
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allowance for these small systematic drifts.
Three systems for integrating the output current from each 
amplifier have been used in the course of the observations. These are 
illustrated schematically by the diagrams in Figure 2.2. The D.C. 
integrating units in the system that was first used (Fig. 2.2a) were 
constructed in the Mount Stromlo electronics workshop by D.G-. Thomas 
and his associates. Each unit contains a high tension power supply 
as well as the integrating units. For Hp observations the integrating 
time is fixed at 50 seconds in all but a few cases in order to simplify 
the procedure for observation and reduction. When the integration is 
completed, the charge collected by each integrator is measured and then 
registered on a Brown recorder.
An output in such a form has the disadvantage of requiring 
for the recording of the integrated signal a finite time which might 
otherwise be used for observation. During the reduction of the 
observations, the measurement of the deflections on the recording chart 
requires considerable effort. Both of these steps can be eliminated 
by making use of a direct digital output. To meet this need, two 
digital recording systems have been assembled by the electronics 
staff at Mount Stromlo for the two channel photometer.
In the first of these systems (Fig. 2.2b), the Brown recorder 
is replaced by a Hewlett-Packard digital voltmeter (Model 405 OR) and 
its output is linked to an IBM typewriter. When the integration time 
has expired, the accumulated charge on each integrator is measured by
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th e  d i g i t a l  v o ltm e te r and recorded  on th e  ty p e w rite r .
In  th e  second arrangem ent (F ig , 2 ,2 c ) , each in te g r a to r  i s  
re p la ce d  by a  v o ltag e  to  frequency co n v e rte r follow ed by a p u lse  co u n te r . 
The s ig n a l  from each a m p lif ie r  i s  passed to  a  Dymec Model 2210 v o ltag e  
to  frequency c o n v e rte r . This in strum en t o u tp u ts  a  t r a i n  o f p u lse s  w ith  
a  frequency l in e a r ly  p ro p o r tio n a l to  th e  am plitude o f the  in p u t s ig n a l .  
The peaks o f th i s  a l te r n a t in g  ou tpu t a re  th en  counted by an R .I.D .L . 
49-13 type Pulse  C ounter. The in te g ra t io n  tim e in  th i s  case i s  th e  
tim e over which th e  count i s  made and i s  determ ined by a tim ing  c lo ck . 
The one c lock  i s  used fo r  both channels so th a t  th e  in te g ra t io n  tim e in  
each i s  th e  same. When th e  count i s  com pleted, the  read ing  on each 
p u lse  co u n ter i s  typed out a u to m a tica lly  by a H ew lett-Packard Model 
562 A d i g i t a l  p r in t e r .  Before th i s  in te g ra t io n  system was pu t in to  
o p e ra tio n , a c a re fu l  check was made o f th e  l i n e a r i t y  of the  v o lta g e  
to  frequency c o n v e r te rs . The t e s t s  shov/ed th a t ,  over th e  range o f th e  
a m p lif ie r , th e re  were no n o n - lin e a r  d e v ia tio n s  la rg e r  than  0 .5 $ .
This method i s  p a r t i c u la r ly  u s e fu l fo r  comparing two s ig n a ls  
because o f th e  ease w ith  which th e  in te g ra t io n  time can be v a r ie d . For 
b r ig h t  s t a r s ,  in te g ra t io n  tim es o f s e v e ra l seconds a re  adequate whereas 
f o r  f a in t  s t a r s  i t  i s  u su a l to  in te g ra te  f o r  about a  m inute. Both o f 
th e se  in te g ra t io n  system s a re  now in  re g u la r  o p e ra tio n  a t  Mount S trom lo . 
The r e s u l t s  have been v ery  s a t i s f a c to r y  and th e  re d u c tio n  tim e fo r  
th e  o b serv a tio n s  o f a  whole n ig h t has been sho rtened  from e ig h t to  on ly
two hours
24
3* The O b serv a tio n a l Procedure«
Using th e  two channel photom eter i t  i s  p o s s ib le  to
measure h S in d ic e s  f o r  s t a r s  even when th e  w eather c o n d itio n s  a re  n o t
\
s u i ta b le  fo r  s in g le  channel photom etry. The two Hj3 in te r fe re n c e  f i l t e r s  
a re  mounted w ith  th e  15 2. f i l t e r  in  th e  d i r e c t  beam and th e  150 2 
f i l t e r  in  th e  in d i r e c t  beam. They a re  p laced  about 4-in from th e  
fo c a l  p lane in  th e  photom eter so th a t  th e  beam diam eter on th e  f i l t e r s  
i s  about -* n . T his arrangem ent m inim ises th e  e f f e c t s  o f sm all 
i r r e g u l a r i t i e s  in  th e  d i e l e c t r i c  la y e rs  of th e  f i l t e r s .  By m easuring 
th e  i n t e n s i t i e s  I  and I ^ q s im u ltan eo u sly , th e  r a t i o  can
be determ ined even when p ass in g  cloud causes ra p id  v a r ia t io n s  in  th e  
apparen t b rig h tn e ss  o f the  s t a r .  I t  i s  a lso  p o ss ib le  to  c a r ry  out 
o b se rv a tio n s  w ith  no lo s s  in  accuracy  a t  la rg e  z en ith  d is ta n c e s  where 
th e  poor see ing  and i r r e g u la r  atm ospheric e x tin c t io n  make s in g le  
channel photom etry v e ry  d i f f i c u l t .
There i s  some d i f f i c u l t y  in  m easuring th e  r a t i o  in
t h i s  way e x a c tly  because o f  th e  sm all u n c o rre la te d  f lu c tu a t io n s  th a t  
a re  found in  the  s ig n a ls  o f th e  two p h o to m u ltip lie rs  over a  p e r io d  o f 
a few hours. I f  th e se  v a r ia t io n s  a re  n o t taken  in to  account, th e  
accuracy o f th e  r a t i o  measurements w i l l  be reduced by s e v e ra l p e rc e n t. 
Sm all g a in  f lu c tu a t io n s  in  R.C.A. 1P21 p h o to m u ltip lie rs  p a r t i c u l a r ly ,  
have been noted  by s e v e ra l  au th o rs  (Crawford, 1958), (Young, 1963)» 
(Rodman, 1963), (Wampler, 1963) and i t  seems v ery  probable  th a t  th ey  
a re  an i n t r i n s i c  p ro p e rty  o f th e  tu b es  them selves. To c o r re c t  f o r
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these sensitivity variations in the two photomultipliers, it is 
necessary to introduce a "drift check" at the beginning and end of 
each observation. Following Crawford’s procedure, a second filter 
of 150 X half-width was introduced into the filter wheel of the direct 
beam. This filter had similar transmission characteristics to the one 
in the indirect beam. With identical filters, the intensity ratio of the 
two beams should remain constant. Any fluctuation in the gain of 
either photomultiplier will be detected as a variation in this ratio 
which can then be used to correct I  ^for the drift error.
Most of the observations reported in this thesis were made 
with the equipment at the 30" Reynolds telescope on Mount Stromlo. On 
several nights, the equipment was used in conjunction with the 50" 
reflector and this observing time proved very useful for measuring stars 
which were too faint to be observed easily at the 30" telescope.
A single observation of a typical 9th magnitude programme 
star consisted of measurements made in the following sequence.
1. 150 X filters in both direct and indirect beams (drift check)
2. 15 X filter in direct beam, 150 X filter in indirect beam.
3. Repeat step 2.
4. Sky reading for steps 2 and 3*
5. Sky reading for steps 1 and 8.
6. Sky reading for step 7.
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7. Repeat steps 2 and 3 for star.
8. Repeat step 1. (drift check)
Steps 1 and 8 are also used to correct for any small linear 
drifts in the zero point of the amplifier. Such a drift introduces 
errors of almost equal and opposite sign in the values of the ratio 
I ^ q/i^  calculated from steps 1-5 and from steps 5-8. The average of 
these values will be almost completely unaffected by any small zero 
drift.
The integration time for each step was 50 seconds in most 
cases and the total time taken for each star varied from 10 to 30 minutes. 
For stars brighter than 7th magnitude, step 3 could be omitted without 
any loss of accuracy.
The values of the ratio I q/i.^ measured for the programme 
stars were transformed into Hg indices by measuring on each night of 
observation several of the Hf standard stars that have been observed 
a large number of times by Crawford (i960). The standard stars were 
chosen to cover the whole range of 0 and B spectral types* They were 
all brighter than 6th magnitude so that the accuracy of each measurement 
was high. The quantity log^Q I ^ q/i^  for these stars was then plotted 
against the standard value of the Hj$ index from the Cfawford list and 
a transformation relation interpolated. A typical transformation for 
a single nights observation is shown in Figure 2.3. It can be seen 
that the relation is linear, with a slope close to 2.5 for spectral
Figure 2.3» A Typical Transformation Relation. The measured 
Hf index (abscissa) is plotted against the standard H 
index on the Crawford system (ordinate).
2-7 5
2 6 0
2 . 5 5
X o ^ .  I0 I l 5 < y  -TiS
S T A N D A R D  S T A R S  F O R  
F E BRUARY 2 8th  1 9 6 2
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types earlier than about B5, but becomes slightly non-linear for 
late B type main sequence stars in which the width of the H|S line is 
approximately that of the filter. Such a close relation is to be 
expected, since the filters used for the observations were matched as 
nearly as possible to those used by Crawford.
Using the standard star measurements, it was possible to 
correct for occasional night to night drifts in the transmission 
characteristics of the 15 2. filter. These variations occurred only a 
few times in the course of the observations and amounted to no more 
than io.02 magnitudes. The derivation of a good transformation relation 
was made easier by the ability of the photometer to measure accurately 
from Mount Stromlo the extinction independent ratios for northern 
hemisphere standard stars as well as for southern standards. In 
Table 2.1, the Hß standard stars which were used are listed together 
with their adopted standard E ß indices.
TABLE 2.1.
Standard stars used for the H^ photometry.
H.R. Star mV P MK Type
801 35 Ari 4.58 2.69 B 3V
1144 18 Tau 5.63 2.75 B8V
1552 7f40ri 3.78 2.61 B2III
3410 6 Hya 4.18 2.86 AOV
3454 U Hya 4.32 2.65 B3V
3467 IC 2391/3 4.90 2.68 B3V
4133 ^  Leo 3.85 2.54 B1 lb
5511 109 Vir 3.76 2.85 AOV
Notes
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Table 2.1 - continued:
H.R. Star mV ß MK Type Notes
5685 (5 Lib 2.74 2.69 B8V
5944 77 Sc o 3.00 2.61 B1V
5953 6 Sco 2.54 2.59 BOY
6141 22 Sco 4.87 2.67 B2V
7235 > Aql 3.02 2.88 B9.5V
7446 K  Aql 5.04 2.56 B0.5III
7447 i Aql 4.28 2.71 B5III
7906 a Del 3.86 2.80 B9V
8634 5 Pes 3.61 2.78 B8V
8781 a Peg 2.57 2.84 B9V
Notes: 1. IC2391 star 3 in Hogg’s study (i960).
When observations are conducted in the dark of moon period,
the faintest stars that can be measured at the 30” telescope are of
magnitude 11*2. This limitation is set by the intrinsic signal/noise
-12ratio that becomes noticeable when currents as small as 10 amps 
are measured. Without an unduly long integrating time, it is not 
possible to measure the H|3 index to the required accuracy of ^0.01 
magnitudes for fainter stars. Both sky and photomultiplier dark 
currents make an appreciable contribution to the signal at this 
magnitude limit. When the equipment is used in conjunction with the 
50" telescope, it is possible to measure Hß indices for 14th magnitude 
stars without difficulty. The great gain over the 30" telescope is due 
to the superior optics as well as to the larger aperture of the 50M 
telescope. In practice, however, stars fainter than 11th magnitude
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a re  r a r e l y  in c lu d e d  i n  p u b lish e d  su rv ey s  f o r  OB ty p e  s t a r s .  Most o f  
th e  s t a r s  on th e  o b se rv in g  l i s t s  cou ld  be m easured a t  b o th  th e  30" and 
50" te le s c o p e s .
4 . The O b se rv a tio n s .
The p rim ary  aim o f  t h i s  i n v e s t ig a t io n  i s  to  u se  hydrogen  
l i n e  pho tom etry  to  e s t im a te  th e  d is ta n c e s  o f  e a r ly  ty p e  s t a r s  in  a  
number o f  f i e l d s  a lo n g  th e  g a l a c t i c  p la n e . No a tte m p t has been made to  
make a  g e n e ra l  su rv ey  o f  th e  0 and B ty p e  s t a r s  to  a  p a r t i c u l a r  l i m i t in g  
m ag n itu d e . The s t a r  f i e l d s  chosen  w ere th o se  o f  p a r t i c u l a r  i n t e r e s t  i n  
c o n n e c tio n  w ith  p rob lem s o f  g a l a c t i c  s t r u c t u r e  and w i l l  each  be 
d is c u s s e d  in  d e t a i l  i n  C h ap te r 4 . S e v e ra l g a l a c t i c  c l u s t e r s  were a ls o  
observ ed  so t h a t  th e y  c o u ld  be used  to  check th e  H^ a b s o lu te  m agnitude 
c a l i b r a t i o n  d e r iv e d  in  C h ap te r 3» T ab le  2 .2  c o n ta in s  th e  e q u a to r ia l  
and g a l a c t i c  c o o rd in a te s  o f  each  o f th e  16 re g io n s  in  w hich o b s e rv a tio n s  
w ere made. In  column 7 o f  t h i s  t a b le ,  r e f e r e n c e s  a re  made to  some 
u s e f u l  e a r l i e r  s tu d ie s  o f  th e  g ro u p s.
TABLE 2 .2 .
P o s i t io n s  and R e fe re n c e s  f o r  th e  S ta r  F ie ld s  S tu d ie d .
No. C o n s te l la t io n R.A. 196Ct e c . i-1 b11 N otes and11 i I R e fe re n c e .
1. Monoce r os 6h  38 .9m + 9° 55*
ooC
\l
o
CM+ NGC 2264 ( l )
2 . Puppi s 7 52 -28 245° -1 ° I  Puppis ( 2 ) (3 )
3 . V ela 8 39.1 -52  55 272° -5 ° IC 2391 (4)
4 . G arin a 10 42 -59  40 288° 0° X] C arin ae  N ebula.
5. C a rin a 11 10 -6 0 291° 0°
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Table 2 .2  -  con tinued :
No. C o n s te lla tio n R.A. 1960 Dec. *11 bn Notes and R eference.
6 . Crux 12h 5 1 .2m -60°! 071 303° -2 K C rucis c lu s te r
7. Centaurus 14 15 -61 312 0
8 . S co rp iu s-
Centaurus
12 00 _ -51 
16 40 -28
296-350
9 . Norma 15 50 -54 327 0
10. Norma 16 15.5 -57 49 328 -5 NGC 6087 (5)
11. Scorpius 16 50 -42 343 0 I S c o rp ii
12. Scorpius 17 32 -32 30 355 0 NGC 6383 (6)
13. S a g i t ta r iu s 18 29.3 -19 17 13 -5 IC4725 (7)
R eferences:
1. Walker, M .F., A p .J ., Suppl. 2 ,  365, 1956.
2 . Munch, L . , Ap•J • , 113. 309, 1951.
3. Munch, L ., T on .B ol., No. 9, 40,i 1954.
4. Hogg, A .R., P .A .S .P . 72, 85, 1960.
5. F e rn ie , J .D ., Ap .J .}  133. 64, 1961.
6. Eggen, O .J ., R.O. B u l l . ,  No. 27,, 1960.
7. Wampler, E .J . , Pesch, P . , K ra f t, R .P. and H iltn e r ', W.A.
A p .J . , 133i 895, 1961.
The b asic com pila tion  o f o b se rv a tio n a l d a ta f o r  a l l  the  s ta r s
th a t were observed i s  con tained  in Table 2 .3 . In a d d itio n  to  the  s t a r
id e n t i f i c a t io n  and Hj} index , Table 2.3 g iv es  th re e  co lo u r photom etry 
and s p e c tr a l  c l a s s i f i c a t io n  where t h i s  in fo rm atio n  i s  a v a i la b le .  Only 
H|? in d ic e s  a c tu a lly  measured by th e  au th o r a t  Mount Strom lo a re  l i s t e d  
and re fe re n c e  w i l l  f re q u e n tly  be made to  th e  p u b lish ed  H|J o b se rv a tio n s  
made on th e  same system fo r  o th e r  s t a r s  by Crawford (1958, I960, 1961,
31
1963a, 1963b) and by H ardie and Crawford (1961).
For a l l  bu t a  few s ta r s  in  Table 2.3> two o r more o b serv a tio n s  
o f  the  index were made on d i f f e r e n t  n ig h ts .  When th e  f i r s t  two 
measurements d i f f e r e d  by more th an  0.02 m agnitudes, a d d i t io n a l  o b se rv a tio n s  
were made. From a sample o f 50 s ta r s  from th e  C arina and I  S c o rp ii 
programmes, th e  average s tan d ard  e r r o r  o f each v a lu e  l i s t e d  in  Table 2 .3  
was c a lc u la te d  to  be -0.011 m agnitudes. The accuracy o f th e  Strom lo 
o b se rv a tio n s  th e re fo re  compares fav o u rab ly  w ith  th a t  o f Crawford, who 
found a p robable  e r r o r  o f ^0.007 m agnitudes f o r  a s in g le  o b se rv a tio n
Table 2 .3  i s  arranged  in  10 columns which c o n ta in  th e
fo llo w in g  in fo rm a tio n .
1• The number in  t h i s  ca ta logue
2. I d e n t i f i c a t io n  o f s t a r .  R eference i s  made to
a) Henry D raper C atalogue and E x tension  (HD(e ))
b) Cordoba Durchmusterung (CD)
c ) Cape Photographic Durchmusterung (CPD)
In  o th e r  c ases  th e  s t a r s  a re  i d e n t i f i e d  unambiguously by numbers 
correspond ing  to  s t a r  numbers in  th e  e a r l i e r  s tu d ie s  r e f e r r e d  to  in  
column 7 o f Table 2 .2 .
3, 4, 5. V, B-V, U-B, m agnitudes and co lo u rs  on th e  Johnson UBV system .
6 . The source o f th e  pho tom etric  d a ta .
7. The h |? index , ^ . Anomalous in d ic e s  th a t  a re  ap p a ren tly  due to  
in te n se  em ission  a re  denoted by th e  l e t t e r ,  e .
8 . The number o f o b se rv a tio n s  of
9. S p e c tra l c l a s s i f i c a t i o n .
10. The source o f th e  s p e c tr a l  c l a s s i f i c a t i o n .
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TABLE 2.3»
H0 Photometry fo r  280 E arly Type S ta r s .
Catalogue
No. Star V B-V U-B Source f n Sp. Source
NGC 2264
1 6 8 .1 7 +0.38 -0 .0 8 1 2 .74 2
2 7 7 .74 -0 .11 -0 .6 5 1 2 .68 3
3 25 7 .8 0 +0.39 -0 .0 2 1 2 .74 2
4 50 8.11 -0 .1 2 -0 .7 3 1 2 .69 2
5 83 7 .93 -0 .1 4 -0 .8 4 1 2 .6 7 2
6 131 4 .62 -0 .2 4 -1 .0 8 1 2 .58 3 07 1
7 178 7 .14 -0 .2 0 -0 .9 7 1 2 .63 2
8 187 9.21 -0 .0 6 -0 .4 0 1 2 .78 2
9 212 7 .47 -0 .1 4 -0 .7 6 1 2 .6 7 2
I  Puppis
10 CD 4985 10.13 +0.25 -0 .6 5 2 2 .59 2
11 T (2 ):2 4 11.67 +0.24 -0 .4 8 2 2 .63 2
12 T (2):21 10.99 +0.42 -0 .4 0 2 2 .57 2
13 CD 5136 10.66 +0.07 -0 .0 3 2 2 .82 2
14 T ( l ) :  99 10.67 +0.32 -0 .4 6 2 2.51 4
15 T (2 ):2 7 10.65 +0.16 -0 .7 3 2 2.61 3
16 T ( l )  100 10.59 +0.16 -0 .7 2 2 2 .6 0 3
17 T (2): 31 10.08 +0.17 -0 .6 9 2 2 .57 3
18 CD 5218 11.16 +0.32 -0 .6 3 2 2 .58 3
IC 2391
19 0 3 .6 7 -0 .1 8 —0.66 3 2 .66 5 B3IV 2
20 1 5 .62 -0 .1 4 -0 .5 0 3 2 .69 4 B5? 2
21 2 5 .2 7 -0 .1 5 -0 .5 7 3 2 .6 8 2 B5V 2
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T ab le  2 .3  -  c o n tin u e d :
C a ta lo g u e
No. V B-V U-B Source n Sp. Source
22 3 4 .9 0 -0 .1 8 -0 .6 6 3 2 .6 8 S td B3V 2
23 4 5 .56 -0 .1 7 -0 .5 4 3 2 .73 4 AOp 2
24 6 7.31 -0 .0 3 0 .0 0 3 2 .85 2 AOV 2
25 8 7.41 -0 .0 2 +0.01 3 2 .85 2 A1V 2
26 10 8 .6 3 +0.11 +0.03 3 2 .8 4 3
27 11 7 .2 7 -0 .0 6 -0 .0 4 3 2 .85 3 AQn 2
28 12 5 .52 -0 .1 6 -0 .5 5 3 2 .7 0 3 B6V 2
29 13 6 .4 8 -0 .11 -0 .3 7 3 2 .76 3 B9V 2
30 32 7 .9 8 +0.02 -0 .4 0 3 2 .6 7 2 B7V 2
31 HD 73340 5 .7 7 -0 .1 4 -0 .5 7 13 2 .7 0 2 B9 2
T) C arin ae F ie ld .
32 HD 91572 8 .2 9 +0.04 -0 .8 1 2 2 .57 2 07 3
33 91619 6.21 +0.35 -0 .4 6 2 2 .53 2 B8 12
34 91651 8 .8 4 -0 .0 2 -0 .8 0 2 2 .59 3 09 Vp 1
35 91837 8 .4 7 -0 .0 3 -0 .8 8 2 2 .6 0 3 B 12
36 92207 5.51 +0.51 -0 .2 6 2 2 .5 4 2 AOIa 3
37 92554 8 .5 8 +0.28 12 2 .5 7 3 0911 3
38 92607 8 .8 4 0 .00 -0 .8 1 2 2 .59 2 B8 12
39 92644 8 .1 4 +0.01 -0 .8 2 2 2 .5 8 2 B8 12
40 92725 8 .2 8 +0.07 -0 .7 4 2 2 .59 3 B8 12
41 92910 9.21 +0.20 -0 .6 3 2 2 .6 0 3 B8 12
42 92282 8 .7 9 +0.35 -0 .4 9 2 2 .6 2 3 BO 12
43 93028 8 .3 4 -0 .0 4 12 2 .6 0 3 Oe5 12
44 93827 9 .39 +0.07 -0 .7 5 2 2 .59 2 B 12
45 93843 7.31 -0 .0 6 -0 .8 7 2 2 .5 4 2 06 3
46 93873 7 .73 +0.04 -0 .4 9 2 2 .56 2 B1Ib 4
34
T ab le  2 .3  -  c o n tin u e d :
C ata lo g u e
No. S ta r V B-V U-B Source ß n Sp. Source
47 HD 93890 9 .13 +0.12 -0 .8 0 2 2 .5 9 2 B 12
43 93911 8 .2 8 +0.21 -0 .5 7 2 2 .5 7 2 B5 12
49 94230 7 .79 +0.39 -0 .5 5 2 2 .5 8 2 B1 12
50 94345 9 .04 +0.03 -0 .7 3 2 2 .63 2 B8 12
51 94370 7 .97 +0.07 -0 .8 2 2 2 .56 2 B3 12
52 94379 9 .42 +0.07 -0 .6 8 2 2 .6 2 2 B5 12
53 94493 7 .26 +0.01 —0 • 81 2 2 .5 8 2 B1 12
54 94663 9 .46 +0.10 -0 .7 0 2 2 .6 0 3 0e5 12
55 95085 8 .7 4 -0 .0 4 -0 .5 6 2 2 .7 0 4 B9 12
56 303197 9 .29 +0.37 -0 .5 4 2 2 .59 2 B5 12
57 303413 9 .78 +0.23 -0 .6 5 2 2 .6 2 2 B5 12
58 303474 9 .82 +0.08 -0 .6 6 2 2 .6 2 2 B5 12
59 303479 9 .82 +0.08 -0 .7 8 2 2.61 2 BO 12
60 303480 10.19 +0.09 -0 .6 7 2 2 .62 2 B8 12
61 305556 8 .7 7 +0.06 -0 .7 4 2 2 .6 2 3 BOII 3
62 305619 9 .42 +0.40 -0 .5 0 2 2 .5 7 2 09 .5 1 a 3
63 305645 10.56 +0.32 -0 .4 4 2 2.61 1 B 12
64 305714 9 .84 +0.14 -0 .5 6 2 2 .6 0 2 B2 12
65 305773 9 .12 +0.11 -0 .6 6 2 2.61 2 B3 12
66 305780 10.08 +0.00 -0 .5 4 2 2 .6 7 2 B5 12
CL C arin ae F ie ld
67 HD(e ) 96248 6.52 +0.12 -0 .8 0 2 e 1 B1Iab 4
68 96286 2 .5 7 1 B3 12
69 96446 6 .65 -0 .21 -0 .8 9 2 2 .62 1 B3p 12
70 96670 7 .38 +0.08 -0 .8 8 2 .5 7 1 BO 12
71 96715 2 .5 7 1 B 12
72 96946 8 .4 3 +0.20 -0 .6 9 2 2 .59 2 B5 12
35
T ab le  2 .3  -  c o n tin u ed :
C a ta lo g u e
No. V B-V U-B Source ß n Sp. Source
73 HD(e ) 97001 9*24 +0.18 + 0.10 2 2 .93 2 AO 12
74 97151 7 .72 -0 .11 -0 .7 8 2 2.31 1 Be 3
75 97152 8.11 -0 .1 3 -0 .5 4 2 2 .4 4 3 Oa 12
76 97166 7 .8 7 +0.05 -0 .7 7 2 2 .58 2 08 3
77 97206 9.61 +0.10 -0 .6 4 2 2.61 2 B 12
78 97222 8 .75 +0.19 -0 .6 6 2 2 .5 9 3 BOII 3
79 97253 7 .12 +0.15 -0 .7 2 2 2 .56 2 B8 12
80 97284 8 .8 3 +0.13 -0 .7 2 2 2.61 2 06 3
81 97297 9 .5 4 +0.11 -0 .6 2 2 2 .6 2 2 AO 12
82 97319 8.51 +0.20 -0 .6 3 2 2 .5 8 3 091b 5
83 97399 8 .4 2 +0.03 -0 .7 5 2 2.61 2 B 12
84 97400 7 .7 8 +0.09 - 0 .5 7 2 2 .6 0 2 B 12
85 97434 8 .0 7 +0.14 -0 .7 1 2 2 .5 7 6 B2 12
86 97484 2 .5 9 2 B3 12
87 97581 8 .8 5 +0.23 -0 .5 6 2 2 .6 0 2 B1II 5
88 97629 9 .52 +0.08 -0 .6 2 2 2 .6 3 2 (B5) 5
89 98210 8 .7 9 +0.02 -0 .7 2 2 2 .6 0 3 B 0 .5 IH 5
90 97707 8 .0 6 +0.47 -0 .3 5 2 2 .5 8 2 B2Ia 5
91 97948 8 .7 3 +0.00 -0 .2 5 2 2 .8 3 1 AO 12
92 97968 9 .36 +0.04 -0 .1 2 2 2 .7 0 1 AO 12
93 97969 7 .70 -0 .0 2 -0 .7 2 2 2 .6 3 2 B1Vn 5
94 306050 9 .65 +0.08 -0 .5 7 2 2 .63 2 B5 12
95 306053 10.25 +0.28 -0 .4 2 2 2 .5 9 2 B 12
96 306054 10.72 +0.16 -0 .5 4 2 2 .66 1 B9 12
97 306056 10.05 +0.08 -0 .7 0 2 2 .5 8 2 B5 12
98 306058 9 .94 +0.21 -0 .6 3 2 2 .6 4 2 B3 12
99 306080 10.35 +0.25 -0 .5 8 2 2 .6 3 2 B9 12
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T ab le  2 .3  -  c o n tin u e d :
C a ta lo g u e
No. S ta r V B-V U-B Source n Sp. Source
100 HD(e ) 306097 8.91 +0.63 -0 .2 4 2 2.61 3 B2 12
101 306086 9 .48 +0.26 -0 .5 3 2 2 .66 2 B5 12
102 306096 9 .28 +0.19 -0 .6 4 2 2.62 2 B5 12
103 306099 8 .7 2 +0.17 -0 .6 8 2 2.59 2 B3 12
104 306111 10.10 +0.17 -0 .7 5 2 2 .26 1 BO 12
105 306112 9 .70 +0.14 -0 .6 6 2 2 .62 2 B3 12
106 306165 9 .82 +0.07 -0 .6 2 2 2 .6 4 3 B3 12
107 306168 2.61 3 B3 12
108 306171 9 .64 +0.14 -0 .6 6 2 2.61 2 B5 12
109 306179 10.38 +0.21 -0 .6 0 2 2 .65 4 B 12
110 306180 10.30 +0.28 -0 .4 9 2 2 .63 3 B 12
111 306187 10.20 +0.31 -0 .4 2 2 2 .68 2 B 12
112 306196 9 .65 +0.29 -0 .3 7 2 2 .5 9 2 BOVn 5
113 306262 11.24 +0.08 -0 .2 9 2 2 .70 1 B9 12
114 306265 10.76 -0 .2 4 -0 .3 9 2 2 .76 1 B3 12
113 306266 11.02 +0.11 -0 .2 6 2 2 .76 1 AO 12
K C ru c is  C lu s te r  (NGC 4755)
116 CPD--59°4529 5.80 +0.39 ' -0 .3 0 4 2 .5 5 2 B9Iab 6
117 4543 6 .99 +0.26 -0 .6 6 4 2 .55 2 B2Ib 6
118 4551 8.01 +0.24 -0 .6 2 4 2 .55 1
119 4555 6 .0 0 +0.27 -0 .5 4 4 2 .56 2 B3Iab 6
120 4566 6 .8 4 + 0.30 -0 .5 4 4 2 .56 2 B3Ib 6
C en tau ru s  F ie ld .
121 -60°5248 9 .5 8 +0.24 -0 .6 0 2 2 .6 4 4 B2V 7
122 5258 9 .59 +0.20 -0 .1 2 2 2 .8 0 3
123 5263 9 .55 +0.33 -0 .6 0 2 2 .6 2 3
124 5273 9 .05 +0.26 -0 .4 8 2 2.61 4 B5V 5
125 5276 9 .02 + 0.37 -0 .6 0 2 2 .62 3 B 1 III 5
37
T able 2 .3  -  c o n tin u ed :
C ata lo g u e,T S ta rNo. V B-V U-B Source ^ n Sp. Source
126 CPD -60° 5283 9 .9 2 +0.47 -0 .3 4 2 2 .53 4
127 5298 7.91 +0.27 -0 .7 0 2 2 .6 0 4
128 5300 8 .2 9 +0.51 -0 .5 6 2 2 .5 7 3 09.51 7
129 -61° 4427 9.41 +0.39 -0 .3 9 2 2 .63 4
130 4429 10.04 +0.35 -0 .4 0 2 2 .65 3
131 4441 10.70 +0.33 -0 .5 2 2 2 .62 3
S co rp iu s--C entaurus A ss o c ia tio n .
132 HD 105937 3 .96 -0 .1 6 -0 .6 0 5 2.71 3 B4V 8
133 106983 4 .0 4 -0 .1 8 -0 .6 8 5 2 .68 3 B3IV 8
134 108483 3 .9 0 -0 .1 9 -0 .7 3 5 2 .64 3 B3V 8
135 109026 3 .85 -0 .1 5 -0 .6 0 5 2 .69 2 B5V 8
136 110956 4 .6 3 -0 .1 7 —0.62 5 2 .69 2 B3IV 8
137 111123 1 .24 -0 .2 4 -1 .0 0 5 2 .59 8 B0.5IV 8
138 112078 4 .6 2 -0 .1 5 -0 .6 0 5 2 .6 8 2 B5Vn 8
139 112092 4 .02 -0 .1 8 -0 .7 4 5 2.61 2 B3IV 8
140 112091 5 .1 7 -0 .1 0 -0 .4 9 5 2 .64 1 B5Ve 8
141 113703 4 .6 9 -0 .1 4 -0 .5 6 5 2.71 2 B5IV 8
142 113791 4 .25 -0 .1 9 -0 .7 6 5 2 .60 2 B2IV 8
143 116087 4 .5 2 -0 .1 4 -0 .5 9 5 2 .69 2 B5V 8
144 118716 2 .2 8 -0 .2 3 -0 .9 3 5 2.61 2 B1V 8
145 121790 3 .85 -0 .21 -0 .8 0 5 2 .63 1 B3IV 8
146 122980 4 .3 4 -0 .1 9 -0 .7 8 5 2 .65 2 B2V 8
147 125823 4 .4 0 -0 .1 9 -0 .8 5 5 2.61 2 B 5 III 8
148 129116 3 .9 8 -0 .1 8 -0 .6 9 5 2 .6 7 2 B3IV 8
149 130807 4.31 -0 .1 6 -0 .6 0 5 2 .6 8 2 B 6 III 8
150 132058 2 .66 -0 .2 2 -0 .8 8 5 2.61 2 B2V 8
151 132200 3 .1 2 -0 .21 -0 .7 7 5 2 .65 3 B 2 III 8
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Table 2.3 - continued:
Catalogue
No. Star V B-V U-B Source n Sp. Source
152 HD 133955 4 .0 4 -0 .1 8 -0 .6 8 5 2 .7 0 3 B3IV 8
153 136298 3 .2 0 -0 .2 3 -0 .8 8 5 2 .62 3 B3IV 8
154 136664 4 .5 2 -0 .1 5 -0 .6 3 5 2 .68 3 B3IV 8
155 138690 2 .7 6 -0 .2 2 -0 .8 3 5 2 .62 2 B3V 8
156 138769 4 .5 4 -0 .1 8 -0 .6 8 5 2 .68 2 B3IV 8
157 139365 3 .6 4 -0 .1 7 -0 .6 8 5 2 .66 4 B4V 8
158 142096 5 .02 -0 .0 2 -0 .5 8 6 2 .69 4 B3V 8
159 142669 3 .8 8 -0 .1 9 -0 .8 0 5 2 .6 4 1 B3IV 8
160 143018 2 .8 8 -0 .1 9 -0 .9 0 5 2.61 Std B1V 15
161 143275 2 .3 0 -0 .11 -0 .9 2 5 2 .59 Std BOY 15
162 145482 4 .5 8 -0 .1 5 -0 .7 3 5 2 .65 2 B3Vn 8
163 148605 4 .7 7 -0 .1 4 -0 .6 9 5 2 .6 7 Std B2V 8
164 149438 2 .8 3 -0 .2 6 -1 .0 5 5 2 .59 4 BOV 8
1^  = 328° Field (Norma).
165 CPD -52°8710 10.34 +0.28 -0 .3 0 2 2.71 2
166 -51 8370 8 .8 3 +0.06 -0 .3 2 2 2 .69 2
167 -51 8467 7 .2 3 -0 .0 2 -0 .3 8 2 2 .72 2
168 -51 8480 8 .1 5 -0 .0 5 -0 .4 6 2 2 .6 8 2
169 -51 8530 10.02 +0.41 -0 .21 2 2 .6 3 2
170 -52 8796 8 .1 4 +0.01 -0 .2 9 2 2 .7 3 2
171 -53 6710 10.29 +0.68 -0 .3 1 2 2 .60 3
172 -53 6706 10.80 +0.64 -0 .2 6 2
173 -54 6706 10.62 +0.64 -0 .3 0 2 2 .6 0 4
174 -53 6768 9 .1 4 +0.59 -0 .3 2 2 2 .5 8 4
175 -53 6850 10.89 +0.51 -0 .3 6 2 2 .62 3
176 -53 6845 7 .85 +0.58 -0 .3 8 2 2 .55 6 BO. 51
177 -58 6846 10.29 +0.40 -0 .4 7 2 2 .60 2 BOIII
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T ab le  2 .3  -  c o n tin u ed :
C a ta lo g u e
No. S ta r V B-V U-B Source ß n
Sp. Source
178 CPD -54°6807 9 .86 +0.41 -0 .4 5 2 2.61 3 B 0 .5 IH 5
179 -54 6788 9 .5 7 +0.35 -0 .5 3 2 2 .59 4
180 -54 6802 8 .63 +0.07 -0 .4 9 2 2 .4 4 2
181 -53 6849 8 .9 2 +0.42 -0 .4 6 2 2 .5 8 2 BOI 9
NGC 6087
182 1 8 .3 3 +0.02 -0 .4 6 7 2.71 2 B6V 10
183 2 10.08 +0.02 7 2 .74 3
184 4 10.52 +0.04 7 2 .78 1
185 5 10.29 +0.00 -0 .3 5 7 2 .78 1
186 6 10.44 +0.00 7 2 .7 7 2 AOV 10
187 7 8.31 +0.04 -0 .2 9 7 2.71 3 B 9 III 10
188 35 10.13 7 2 .76
189 9 9 .4 8 +0.02 -0 .3 0 7 2 .7 0 2 B9V 10
190 10 7 .98 +0.06 -0 .3 8 7 2 .58 4 AOV 10
191 11 9 .45 +0.04 -0 .4 0 7 2 .7 0 3 B5V 10
192 13 9.31 +0.00 -0 .4 3 7 2 .7 3 2 B5V 10
193 14 9 .7 0 +0.08 -0 .3 3 7 2 .6 3 2 B8Ve 10
194 15 10.19 +0.05 7 2 .75 3 B 8 III-IV  10
195 17 8 .8 8 +0.04 -0 .2 6 7 2 .76 4 B8V 10
196 18 9.95 +0.14 7 2 .76 2
197 19 9 .93 +0.06 7 2 .76 2 B8V 10
198 20 8 .5 3 +0.04 -0 .3 8 7 2 .68 2
199 22 9 .74 +0.04 7 2 .53 2
200 25 9 .7 4 +0.10 -0 .2 3 7 2 .72 2
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Table 2 .3  -  continued:
C atalogue s t a r  
No. V B-V U-B Source j? n Sp. Source
I S co rp ii
201 HD 151515 7.16 +0.17 -0 .69 2 2.59 2 B2
202 151564 7.99 +0.12 -0 .6 8 2 2.59 2 B2
203 151804 5.22 +0.08 -0 .76 2 2.51 1 Oe 4
204 151805 8.85 +0.16 -0 .6 7 2 2.61 3 B8
205 152003 7.04 +0.40 -0 .5 4 2 2.56 3 BOIa 4
206 152042 8.19 +0.13 -0 .69 2 2.60 3 B 0 .5 IH 4
207 152060 9.81 +0.10 -0 .6 4 2 2.32 1 B2IV 5
208 152076 8.46 +0.26 -0 .6 7 2 2.59 3 BOIII 4
209 152147 7.29 +0.44 -0.51 2 2.57 3 BOIa 4
210 152198 9.13 +0.10 -0 .69 2 2.64 2 B8 12
211 HDE 326167 10.14 +0.21 -0.51 2 2.65 4 B3 12
212 326176 9.16 +0.74 -0 .3 0 2 2.58 2 BO 12
213 HD 153295 2.35 2 B1IV 5
214 HDE 326324 2.67 1 BOIV 5
215 326343 10.64 +0.52 -0 .32 2 2.62 2 B3 12
216 326351 2.67 1 B3 12
217 326514 2.77 2 B5 12
218 326527 10.06 +0.62 -0 .0 8 2 2.71 2 B5 12
219 326650 2.68 2 B3 12
220 326364 9.62 +0.36 -0 .5 8 2 2.63 2 BO 12
NGC 6231*
221 HD 152200 8.43 +0.14 -0 .7 0 2 2.58 3 B8 12
222 152219 7.67 +0.18 -0.71 2 2.59 2 B 12
223 152234 5.46 +0.21 -0.71 2 2.56 4 B 0.5Ia 4
* Anonymous numbers id e n t i f i e d  on c h a r t fa c in g  page.
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T ab le  2 .3  -  c o n tin u e d :
C ata logue
No. S ta r V B-V U-B Source P n Sp. Source
224 HD 152248 6 .1 4 +0.14 -0 .7 8 2 2 .53 2 08f 4
225 152249 6 .49 +0.20 -0 .7 4 2 2.53 2 BO 12
226 152270 6 .85 +0,04 -0 .4 8 e 1 BII+WR 4
227 152314 7 .90 +0.18 -0 .71 2 2 .58 3 0 9 IH 4
228 HDE 326329 8 .8 7 +0.18 -0 .7 2 2 2 .59 2 BO 12
229 326330 9 .30 +0.20 -0 .6 7 2 2.61 2 B3 12
230 326331 7.55 2 .57 2 07 4
231 326332 9 .74 2 .59 1 B9 12
232 326333 9.73 2 .6 0 2 B5 12
233 1 9 .28 +0.14 -0 .7 8 2 2.64 2
234 2 9 .42 +0.12 -0 .6 5 2 2.63 2
235 3 9 .46 +0.13 -0 .61 2 2.63 2
236 4 9 .42 +0.11 -0 .6 6 2 2 .64 2
237 5 9 .46 +0.12 -0 .6 7 2 2 .6 7 2
238 6 8 .6 4 2 .62 1
239 7 10.36 +0.19 -0 .5 2 2 2 .6 7 1
240 8 9 .79 2 .63 2
241 9 9 .30 +0.20 -0 .6 7 2 2 .62 2
242 10 10.05 2 .5 7 1
243 11 9 .72 2 .59 2
244 12 8 .0 0 2 .59 2
245 13 10.93 +0.23 -0 .4 6 2 2 .6 7 2
246 14 10.64 +0.24 -0 .4 7 2 2 .6 7 2
247 15 11.15
NGC 6383
8 2 .70 1
248 1 5 .68 +0.04 9 2 .5 8 3 07 1
249 2 10.43 +0.11 -0 .5 0 9 2 .64 2
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Table 2.3 - continued:
Catalogue star 
No. V B-V U-B Source p n Sp. Source
250 5 11.26 +0.10 -0.26 9 2.72 1
251 6 9.03 +0.03 -0.68 9 2.65 3
252 10 10.00 +0.05 -0.47 9 2.69 2
253 14 9.92 +0.11 -0.42 9 2.68 2
254 20 11.29 +0.15 -0.13 9 2.78 1
IC 4725 (Messier 25)
255 6881 7.92 +0.35 -0.23 10 2.71 4 B5III 11
256 6 10.19 +0.41 -0.10 10 2.73 2 B6III 11
257 12 10.38 +0.37 -0,08 10 2.78 2
258 13 9.70 +0.32 -0.17 10 2.72 3 B7IV 11
259 14 8.77 +0.39 -0.21 10 2.58 3 B5IV 11
260 15 10.19 +0.41 -0.10 10 2.80 2 B7.5III--IV
261 17 10.08 +0.41 -0.12 10 2.67 2 B7IV-V 11
262 18 9.88 +0.38 -0.16 10 2.75 2 B6.5III--IV
263 32 10.08 +0.38 +0.01 10 2.83 2
264 43 10.42 +0.43 -0.03 10 2.75 3
265 58 9.00 +0.39 +0.10 10 2.77 3
266 60 10.55 +0.42 -0.04 10 2.76 3
267 63 9.28 +0.47 -0.10 10 2.63 2 B6IV 11
268 64 10.29 +0.45 -0.04 10 2.81 2
269 99 9.24 +0.37 -0.17 10 2.62 3 B7.5IV-V 11
270 103 10.45 +0.28 -0.04 10 2.74 2 B8IV 11
Miscellaneous Stars.
271 6 Hyi 5.49 -0.21 -0.46 11 2.70 3 B9 12
272 jj, Col 5.18 -0.25 -1.12 11 2.60 2 BOV 13
273 Y Vel 4.27 -0,22 -0.92 11 2.61 3 B3 12
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T a b le .
CM -  c o n t in u e d :
C a ta lo g u e
No. S t a r V
B-V
274 f C ar 1 .7 0 - 0 .0 2
275 V el
276 e C ar 2 .7 8 - 0 .2 3
277 a Leo 1 .3 4 - 0 .1 2
278 a V ir 0 .9 7 -0 .2 2
279 a Pav 1.91 - 0 .1 9
280 a Gru 1 .7 7 - 0 .1 4
U-B S o u rce ß n S p . S o u rce
0 .0 0 11 2 .8 3 1 A O III 14
2 .6 0 2 B5Ib 15
-1 .0 3 14 2 .6 0 3 BOV 15
- 0 .3 7 11 1 .6 8 1 B7V 16
- 0 .9 4 11 2 .5 9 3 B1V 16
-0 .7 3 11 2 .6 5 2 B2V 14
-0 .4 6 11 2.71 3 B5V 14
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S ources o f  P h o to m e tric  and S p e c tro sc o p ic  D ata in  T ab le  2.3« 
a )  P h o to m e tric  D ata .
1. W alker, M .F ., A p .J . S uppl. 2 , 365, 1951.
2 . Bok, B .J . and Bok, P .F . and Graham, J .A . ,  U npublished
3. Hogg, A.R. P .A .S .P . 72, 85 , 1960.
4. Hogg, A.R. U npublished
5. Eggen, O .J . R. Obs. B u ll .  25, I960 .
6. H ard ie , R.H. and C raw ford, D .L. A p .J . ,  133, 843 , 1961.
7. Graham, J .A . U npublished
8 . Houck, T .E . U npublished
9 . Eggen, O .J . R. Obs. B u ll .  27, 1960.
10. Wampler, E . J . ,  P esch , P . , K r a f t ,  R .P . and H i l t n e r ,  W.A. A p .J . ,  133:
895, 1961.
11. Hogg, A.R. Mt. S trom lo Mimeogram, Ho. 2 , 1958.
12. B eer, A. M.N. 123, 191, 1961.
13. Lynga, G.
i t
A rk iv . f u r  A stronom i 3., No. 8 , 1962.
14. W hiteoak, J .B . M.N. 123, 245, 1961.
b) S p e c t r a l  C la s s i f i c a t i o n .
1. M organ, W.W.,  W hitfo rd , A,,E. and Code, A.D. A p .J .,S u p p l .  2 , 41, 1
2. P e in s te in ,  A. P .A .S .P . 73, 410, 1961.
3. H o f f l e i t , D. A p .J . ,  124, 61, 1956.
4. Houck, T .E . U npublished
. F e a s t ,  M.W., S toy , R .H ., T hackeray , A .D ., and W esse lin k , A .J . ,
M.N. 122, 239, 1961.
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6. Hernandez, C. P .A .S .P . 72, 416, I960.
7. Beer, A. M.N. 123, 191, 1961.
8 . Buscombe, W. P r iv a te ly  Communicated
9. B east, M.W., Thackeray, A. D. and W esselink, A .J. Mem.R.A.S. 68,
10. F e a s t, M.W. M.N. J J 7 ,  193, 1957.
11. Wampler, E .J . ,  Pesch, P . , K ra f t, R .P. and H il tn e r ,  W.A. 
A p .J ., 133, 895, 1961.
12. Henry D raper C atalogue and E xtension .
13. Blaauw, A. and Morgan, W.W. A p .J .,  119? 625» 1954.
14. Woods, M.C. Mem.Comm.Obs. No. 12, 1955.
15. Buscombe, W. Mt. Strom lo Mimeogram, No. _4, 1962.
16. Johnson, H.L. and Morgan, W.W. A p .J ., 117, 313, 1953.
, 1957.
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5 . The T ran sfo rm a tio n  o f th e  Ii^ in d ic e s  to  E q u iv a le n t W idths.
As an e x p re s s io n  o f  th e  i n t e n s i t y  o f  th e  Hß l i n e ,  a  
m easurem ent in  u n i t s  o f  e q u iv a le n t w id th  i s  u sed  f a r  more w id e ly  th a n  
th e  Hp in d e x . For t h i s  re a so n , i t  i s  d e s i r e a b le  t h a t  an a c c u ra te  
t r a n s fo rm a tio n  r e l a t i o n  shou ld  be a v a i la b le  so t h a t  th e  Hj? in d e x  f o r  a  
p a r t i c u l a r  s t a r  can be co n v e rted  d i r e c t l y  to  a  m easure o f  th e  Hj? l i n e  
a b s o rp tio n  i n  u n i t s  o f  e q u iv a le n t  w id th .
To make t h i s  p o s s ib le ,  a  l im i te d  programme o f  Hp e q u iv a le n t  
w id th  m easurem ents was u n d e rta k e n  by th e  a u th o r . A p h o to e le c t r ic  
s c a n n e r , on lo a n  to  Mount S trom lo O b se rv a to ry  from  th e  U n iv e r s i ty  o f  
M ichigan  was u sed  f o r  th e  o b s e rv a t io n s .  T h is in s tru m e n t,  d e s c r ib e d  
e lsew h ere  by L i l l e r  (1957) was u sed  in  c o n ju n c tio n  w ith  th e  50” 
te le s c o p e  a t  Mount S tro m lo . F or a  l im i te d  s tu d y  such  as t h i s ,  
p h o to e le c t r ic  scan n in g  h as  s e v e ra l  ad v an tag es  over th e  more c o n v e n tio n a l 
s p e c tro g ra p h ic  te c h n iq u e s .  The p h o to e le c t r ic  method can  ta k e  advan tage  
o f  th e  l i n e a r  re sp o n se  and th e  h ig h  s e n s i t i v i t y  o f  th e  p h o to m u lt ip l ie r .  
While scan n in g  can become la b o r io u s  and tim e consuming when w ide s e c t io n s  
o f  th e  spectrum  a re  u n d e r i n v e s t ig a t io n ,  a s in g le  f e a t u r e  such  a s  th e  
Hp l i n e  can be scanned w ith  h ig h  r e s o lu t io n  in  a  few m in u te s .
A p ro je c te d  s l i t  w id th  o f  4 $ was used  and a  scan n in g  speed  
o f  30 % p e r  m in u te . The Hj? l i n e  o f  each  programme s t a r  was scanned  over 
a b a s e l in e  o f  100 ?l, f o u r  tim es in  a l t e r n a t e  d i r e c t i o n s .  Zero re a d in g s  
were ta k e n  in  between each  scan .
The te n  s t a r s  on th e  programme covered  a  w ide ran g e  o f  s p e c t r a l
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types and were all brighter than 5th magnitude. Consequently, the 
noise level on the chart recorder could be kept low and there was no 
difficulty in drawing the observed line profile manually. For reduction, 
the continuum was interpolated from the tracing on each side of the 
line profile. Using a planimeter, the area between the continuum and 
the line was measured. Then, from the knowledge of the scanning rate 
and of the amplitude of the continuum, the equivalent widths were 
computed directly. Soon after the scanner observations were completed, 
Hj? indices for the same stars were measured in the way described in 
section 3 of this chapter.
Table 2.4 contains the results of the measurements. The 
first and second columns give the stars name and H|9 index while in the 
third and fourth columns, the measured equivalent widths and their mean 
errors are listed.
Table 2.4.
H# Equivalent Widths from Scanner Tracings.
Star P Equivalent Width 2. Mean Error %
P Leo 2.56 2.48 .15
ß Cru 2.59 3.12 .12
0 Car 2.60 3.39 .11
6 Sco 2.60 3.41 .21
$ Vel 2.60 3.55 .20
0 Vel 2.66 5.41 -
a Pav 2.65 5.50 . ro o
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Table 2.4 - continued:
Star f Equivalent Width A Mean Error
a Gru 2.72 7.80 .50
fl Car 2.83 11.7 -
a Peg 2.85 12.2 .3
In Figure 2.4 the HjS index is plotted against the equivalent 
width for each star. The high internal accuracy of these measurements 
makes it possible to draw a curve of best fit through these points.
This is done in Figure 2.4. It can be seen that the relation is very 
closely linear, especially for stars with HjJ indices greater than 
2.65 magnitudes.
From published data, it is possible to check independently 
the accuracy of this transformation relation. Carefully measured 
H ^  equivalent widths of bright early type stars are to be found in two 
recent spectrophotometric studies by the Edinburgh group (Greaves et al, 
1955 - 1361 ) and by Sinnerstad (1961a). H|9 indices have been measured
by Crawford and by the author for 21 of these stars. With the aid of 
Figure 2.4, these indices can be transformed into equivalent widths 
which can be compared with the independently measured values by the 
Edinburgh group and by Sinnerstad. The comparison is made in Table
2.5.
Figure 2.4. The Relation Between Index and Equivalent
Width.
i2.55
•2 .6 0
2.6  5 
•2 .7 0
2.7  5
►
2 .8 0
2 .85
e q u i v a l e n t  w i d t h  (An g s t r o m s )
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Table 2.9.
Comparison Between Measurements of H/* Equivalent Width.
Star H  ^Index^ Equivalent 
Width (Hf) 
%
Equivalent Equivalent
Width (Edinburgh) Y/idth(S^nnerstad)
55 Cyg 2.53 1.5 1.2
^ Leo 2.56 2.5 2.0 2.5
5 Per 2.56 2.5 2.5
S Mon 2.58 2.9 3.2
10 Lac 2.58 2.9 3.1 3.2
67 Oph 2.58 2.9 3.1 2.6
0 Per 2.60 3.5 3.7 3.1
IT 0ri 2.61 3.8 4.3 3.0
Y Peg 2.63 4.5 4.7 4.1
^ Cas 2.63 4.5 5.1 4.3
D Hya 2.65 5.3 4.7 5.6
^ Cas 2.66 5.7 6.6
0 Cas 2.67 6.0 5.0 5.4
a Leo 2.68 6.4 7.9
35 Ari 2.69 6.7 6.7 5.9
T) Aur 2.69 6.7 7.0 5.2
r  Her 2.70 7.1 7.2 7.0
L Aql 2.71 7.4 7.3
£ Peg 2.78 9.9 8.4
a Del 2.80 10.5 8.9
a Peg 2.84 11.9 11.4
Mean Difference - Edinburgh >= -0.08 io. 14 (s.e. )XngstroEi units.
Mean Difference Hf - Sinnerstad = +0.33 -0.16 (s.e.) Angstrom units.
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For 13 s t a r s  taken  from the  Edinburgh l i s t s ,  th e  mean d if fe re n c e ,
E.W.0 . i -  E.W._,,. , . i s  -0 .0 8  io.14 ) s . e . )  2., a very  s a t i s f a c to r y  
agreem ent. As S in n e rs tad  has a lread y  p o in ted  o u t, th e  Edinburgh e q u iv a len t 
w idths a re  s y s te m a tic a lly  s l i g h t ly  la rg e r  than  h is  own. This i s  
r e f le c te d  in  Table 2 .5  where the  mean d if f e r e n c e ,
E.W.c, _ -  E.W.«. . , i s  +0.33 -0 .1 6  ( s . e . )  2 f o r  20 s t a r s  frombtrom lo S in n e rs ta d
S in n e rs ta d ’s l i s t .  The Mount Strom lo m easurem ents, th e re fo re , agree 
r a th e r  b e t te r  w ith the Edinburgh r e s u l t s ,  th an  th ey  do w ith  th o se  o f 
S in n e rs ta d . N ev e rth e le ss , th e  g en era l agreem ent between a l l  th re e  s e ts  
of r e s u l t s  i s  v e ry  good.
I f  we assume th a t  th e  s tan d a rd  e r ro r  of th e  index  fo r  
each programme s t a r  in  Table 2 .3  i s  -0 .01 m agnitudes and th a t  the  
tra n s fo rm a tio n  r e l a t io n  is  a cc u ra te  to  w ith in  0*01 2, then  th e  expected  
s tan d a rd  e r ro r  o f each eq u iv a len t w idth  d e riv ed  in  th i s  way i s  -0 .3  2 .
For d isc u ss io n  in  th e  fo llo w in g  c h a p te rs , th e  index  i s  
s t i l l  used as th e  measure o f H ^line in te n s i ty  as i t  i s  very u s e f u l  to  
make freq u e n t com parisons w ith  th e  o b se rv a tio n s  made by Crawford.
In  th e se  c h a p te rs , i t  i s  shown how the  b a s ic  d a ta  l i s t e d  here  can be 
used to  d e riv e  d is ta n c e s  f o r  f a in t  groups o f  e a r ly  type s ta r s  in  th e  
Galaxy.
5 1 .
CHAPTER 3»
THE ABSOLUTE MAGNITUDE CALIBRATION OP THE H-BETA INDICES.
1. The A bso lu te  M agnitudes o f  E a r ly  Type S ta rs»
The a c c u ra c y  o f  a  lu m in o s ity  c a l i b r a t i o n  f o r  th e  H^ 
in d ic e s  l i s t e d  i n  C h ap te r 2 depends fu n d a m e n ta lly  on o u r knowledge o f 
d is ta n c e s  and a b s o lu te  m agn itudes  f o r  a  number o f  s ta n d a rd  0 and B 
ty p e  s t a r s .  U n t i l  th e  p r e s e n t ,  th e  m ost r e l i a b l y  known p a r a l la x e s  f o r  
s t a r s  o f  e a r ly  s p e c t r a l  ty p e  have been d e te rm in ed  from  th e  m otions o f 
moving s t e l l a r  g ro u p s . I f  a  w e ll  d e f in e d  c o n v e rg e n t p o in t  can be 
e s ta b l i s h e d ,  i t  i s  p o s s ib le  to  d e r iv e  in d iv id u a l  p a r a l la x e s  f o r  th e  
group members. Prom th e s e ,  a b s o lu te  m agn itu d es  can  th e n  be c a lc u la te d  
d i r e c t l y .
The two g roups m ost s u i t a b le  f o r  a  d e t a i l e d  a n a ly s i s  o f  t h i s  
k in d , a re  th e  Hyades c l u s t e r  and th e  S c o rp iu s -C e n ta u ru s  A ss o c ia tio n .
The a b s o lu te  m agn itudes  d e te rm in ed  from th e  Hyades group a re  th e  b a s is  
o f  th e  m ain sequence f i t t i n g  p ro ced u re  f o r  d e te rm in in g  th e  d is ta n c e s  o f  
g a l a c t i c  c l u s t e r s .  T h is  method has been d ev e lo p ed  p r in c i p a l l y  by 
Johnson (Johnson  and H i l t n e r ;  1956), (Johnson  1957, i9 6 0 ) .  In  a  
re c e n t  com prehensive rev iew  a r t i c l e ,  Blaauw (1963) showed how an 
in d e p en d en t p ro ced u re  based  on a b s o lu te  m ag n itu d es  d e r iv e d  f o r  th e  
S c o rp iu s -C e n ta u ru s  a s s o c ia t io n  can  g iv e  th e  same in fo rm a tio n .
The a n a ly s i s  o f  th e  m otions o f th e  Hyades group i s  s t r a i g h t ­
fo rw ard  and th e  p ro b a b le  e r r o r s  o f  th e  a b s o lu te  m ag n itu d es  d e r iv e d  from
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them a re  p r im a r i ly  due to  e r ro rs  o f o b se rv a tio n s . The average p robab le  
e r r o r  f o r  each a b so lu te  magnitude i s  about -0 .0 7  m agnitudes acco rd ing  
to  Blaauw. In  view o f th i s  h igh  accuracy , i t  i s  u n fo rtu n a te  th a t  th e  
Hyades group only  c o n ta in s  s ta r s  w ith  s p e c t r a l  types l a t e r  th an  c la s s  B, 
The a b so lu te  m agnitudes f o r  th e  0 and B s ta r s  must then  be determ ined by 
e x tra p o la t in g  th e  r e s u l t s  d e riv ed  f o r  th e  Hyades to  o th e r g a la c t ic  
c lu s t e r s  which do c o n ta in  s t a r s  o f th i s  ty p e . In  th i s  method, th e  
assum ption i s  made th a t  th e  unevolved main sequence i s  id e n t ic a l  f o r  
a l l  g a la c t ic  c lu s t e r s .  Johnson and I r i a r t e  (1958) follow ed t h i s  
procedure in  t h e i r  c a l ib r a t io n  o f th e  MK lum in o sity  and s p e c t r a l  c la s s e s .  
Taking in to  account th e  u n c e r ta in t ie s  im p lic i t  in  each s te p , Blaauw 
estim ated  th a t  th e  p robab le  e r ro r s  o f th e  a b so lu te  m agnitudes d e riv ed  
i n  t h i s  way were c lo se  to  -0 .2  m agnitudes.
Blaauw (1963) has developed an a l te r n a t iv e  method fo r  
de term in ing  th e  a b so lu te  m agnitudes o f e a r ly  type  s t a r s .  The b a s ic  
source o f a b so lu te  m agnitudes i s  the  S corp ius-C entaurus a s s o c ia t io n  
which c o n ta in s  B type s t a r s  in  g re a t  numbers. Prom a study o f  th e  
a v a ila b le  p roper m otion and r a d ia l  v e lo c i ty  d a ta , B e rtia u  (1958) d e riv ed  
ab so lu te  m agnitudes fo r  many o f th e se  s t a r s  independen tly  o f th e  Johnson 
method. U n fo rtu n a te ly , the  a n a ly s is  of th e  m otions o f t h i s  moving group 
i s  no t as sim ple as th a t  fo r  th e  Hyades. B e r tia u  dem onstrated th a t  th e  
c a lc u la te d  ab so lu te  m agnitudes v a r ie d  by 0 .2  m agnitudes acco rd ing  to  
w hether p a r a l l e l  m otion p lu s  expansion o r p a r a l l e l  m otion p lu s  g a la c t ic  
r o ta t io n  was assumed to  account fo r  th e  o b se rv a tio n s . P e t r ie  (1962)
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r e c e n t ly  showed th a t  d i f f e r e n t  tre a tm e n ts  o f th e  same p roper m otion 
d a ta  can le ad  to  s ig n i f ic a n t ly  d i f f e r e n t  convergent p o in ts  f o r  th e  
group m otion and thence  to  sy stem a tic  d if fe re n c e s  in  the  c a lc u la te d  
a b so lu te  m agnitudes. The o b se rv a tio n a l m a te r ia l ,  however, i s  c e r ta in  to  
become more re f in e d  in  th e  fu tu r e .  Even a t p re s e n t, th e re  i s  co n s id e rab le  
room fo r  improvement in  our knowledge o f th e  r a d i a l  v e lo c i t i e s  o f known 
members. With th e  passage o f tim e, th e  p ro p er m otion d a ta  w i l l  a lso  
improve in  p re c is io n . In  due course  i t  should be p o s s ib le  to  decide  
between th e  v a rio u s  in te r p r e ta t io n s  o f th e  o b serv a tio n s  and to  o b ta in  
v e ry  r e l i a b l e  s tan d a rd  a b so lu te  m agnitudes f o r  the  group members.
According to  Blaauw, th e  p robab le  e r ro r  o f  th e  S c o rp iu s-  
C entaurus ab so lu te  m agnitudes i s  a t  p re se n t about -0 .2  m agnitudes. The 
group u n fo r tu n a te ly  c o n ta in s  few 0 o r e a r ly  B s t a r s  o f h igh  lu m in o s ity  
and i t  i s  n o t p o ss ib le  to  compute d i r e c t ly  ab so lu te  m agnitudes f o r  th e se  
ty p e s . Blaauw and Borgman (Blaauw; 1963) have completed t h i s  c a l ib r a t io n  
by r e la t in g  th e  S corp ius-C en taurus s t a r s  to  th o se  in  th e  h and X P e rs e i  
and th e  I  O rion is  g roups. Prom h is  own 7 -co lo u r photom etry and from 
th e  Y /alraven's 5 -co lo u r photom etry , Borgman d e riv e s  fo r  th e se  th re e  
s t e l l a r  g roups, param eters t h a t  a re  c lo s e ly  r e la te d  to  s p e c t r a l  ty p e  and 
lu m in o s ity . Blaauw f in d s  th a t  th e  d is ta n c e s  determ ined by t h i s  p rocedure 
a re  q u ite  c o n s is te n t w ith  th o se  determ ined from th e  main sequence f i t t i n g  
method.
In  th e  p re sen t Hp c a l ib r a t io n ,  th e  Johnson and ^ r i a r t e  
ab so lu te  m agnitudes fo r  th e  MK s p e c tr a l  c la s s e s  a re  adopted as b a s ic .
54
Comparison with some other values derived by Schmidt-Kaler (quoted 
by Blaauw;1963) for MK spectral classes, indicates that the Johnson 
and Iriarte absolute magnitudes are unlikely to be in error by more
the total intensity of the Hj? line in the spectra of stars of types 0,
B, and A. This is a direct consequence of the immense variation of 
atmospheric pressure in stars of different luminosities. It is possible 
to use this effect alone to make a reliable quantitative estimate of a 
star's absolute magnitude. The line absorption is deteimined, however, 
by other parameters besides luminosity and it is useful to review these 
before setting up a calibration of the indices in terms of luminosity 
alone•
dependent on the fraction of hydrogen atoms in the neutral state. Hence 
a strong correlation between the line intensity and the ionisation 
temperature of the star is to be expected. This effect is largely counter­
balanced by the temperature dependence of the Stark broadening mechanism, 
itself. Nevertheless, the compensation is not perfect and a slight 
dependence of the index on temperature remains.
Turbulent motions in the atmospheres of stars are often 
responsible for a broadening of the absorption line profiles in stellar
than —0.2 magnitudes
2. The Line as a Luminosity Criterion for Early Type Stars.
The Stark effect plays a dominant role in determining
The number of atoms
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s p e c tra .  In  e a r ly  type s t a r s ,  any e f f e c t  on th e  eq u iv a len t w idth  of 
th e  Hp l in e  i s  g e n e ra l ly  masked by th e  s tro n g  S ta rk  broadening. In  a 
re c e n t review  a r t i c l e ,  Huang and S truve (1961) r e c a l le d  th a t  tu rb u le n t 
m otions tend  to  be g r e a te r  in  s t a r s  o f h igh  lu m in o sity . M icro tu rb u len t 
v e lo c i t i e s  o f th e  o rd e r o f 10 km/sec a re  no t uncommon in  su p e rg ian t 
atm ospheres and i t  i s  p o s s ib le  th a t  they  may c o n tr ib u te  to  th e  eq u iv a len t 
w id th  o f th e  Hp l in e  in  th e  atm ospheres o f su p e rg ian ts  where th e  S ta rk  
broadening e f f e c t  i s  sm all.
S ta rs  o f s p e c t r a l  types B and A o f te n  possess  very  h igh  
r o t a t io n a l  v e lo c i t i e s ,  sometimes as  g e a t as 300 km /sec. Under th e se  
c o n d itio n s , th e  c e n tr i f u g a l  fo rc e  a t  th e  s t a r 's  equato r becomes an 
ap p re c ia b le  f r a c t io n  o f the  fo rc e  due to  g ra v i ta t io n a l  a t t r a c t i o n  and, 
as a  consequence th e  e f f e c t iv e  su rfa ce  g ra v ity  v a r ie s  s ig n i f ic a n t ly  over 
th e  s t e l l a r  s u r fa c e . To m a in ta in  eq u ilib riu m , th e re  a re  correspond ing  
changes in  th e  e f f e c t iv e  su rfa c e  tem p era tu re . For such s t a r s ,  th e  
observed l in e  i n te n s i ty ,  which i s  dependent on both  th e se  q u a n t i t ie s ,  
i s  l ik e ly  to  be r e la te d  a lso  to  th e  o r ie n ta t io n  o f  th e  ax is  o f 
r o ta t io n  to  th e  l in e  o f s ig h t .
A c o n sid e ra b le  body o f evidence has re c e n tly  appeared to  
suggest th a t  t h i s  e f f e c t  i s  im p o rtan t. McNamara and Larson (McNamara and 
Larson; 1962), (McNamara; 1963) have made a s tudy  o f  th e  r o ta t io n  o f  B-type 
s t a r s  in  th e  Orion a s s o c ia t io n .  Using C raw ford 's Hj3 o b se rv a tio n s , they  
found t h a t ,  f o r  s t a r s  w ith  th e  same (U-B)q co lo u r index , th e  r a p id ly  
r o ta t in g  B type s t a r s  had sy s te m a tic a lly  weaker Hj? l in e  i n t e n s i t i e s .  The
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m agnitude o f th e  e f f e c t  was s im ila r  fo r  a l l  s p e c tr a l  s u b -c la s s e s .
G uth rie  (1963) d isco v ered  th a t  t h i s  tre n d  was a  g en e ra l one in  c lu s te r s  
and a s s o c ia t io n s  o f young s t a r s .  He found th a t  th e  average change in  th e  
Hp ind ex , 8 , due to  r o ta t io n  was 0*00017 v s in  i  f o r  s t a r s  w ith  th e  
same (U-B) c o lo u r in d ex . Using th e  models f o r  ra p id ly  r o ta t in g  s ta r s  
c o n s tru c te d  by Sweet and Roy (1953)> G uthrie  computed th e o r e t ic a l ly  
th e  s iz e  o f th e  expected e f f e c t .  His r e s u l t s  in d ic a te d  th a t  a 
s ig n i f ic a n t  s c a t t e r  amounting to  about -0*2 m agnitudes i s  thus 
in tro d u ced  in to  th e  r e l a t i o n  l in k in g  th e  H^ index  and a b so lu te  
m agnitude. I t  i s  in te r e s t in g  to  n o te  th a t  McNamara found a v e ry  high  
p ercen tag e  o f ra p id ly  r o ta t in g  s ta r s  f o r  s p e c t r a l  types B5 to  B7 in  
th e  Orion a s s o c ia t io n .  I f  t h i s  i s  a  g e n e ra l phenomenon in  young 
a s s o c ia t io n s ,  th en  th e  r o ta t io n  e f f e c t  could w e ll ex p la in  th e  humps 
observed in  th e  main sequences on th e  diagram s p lo t te d  f o r  th e  S co rp iu s- 
C entaurus a s s o c ia t io n  by Crawford (1958) and by th e  Vfalravens (i9 6 0 ) .
I t  i s  w e ll  known th a t a h igh  percentage o f th e  0 and e a r ly  B 
typ e s ta r s  are m u lt ip le . U nless the m u lt ip l i c i t y  o f  each programme s ta r  
i s  in v e s t ig a te d  in d iv id u a lly ,  an ap p reciab le  s c a t te r  w i l l  be in troduced  
in to  th e  Hp lu m in o sity  c a l ib r a t io n .  The measured Hp in d ex  o f  a m u ltip le  
system  i s  e s s e n t ia l ly  an average in d ex , w eighted acoording to  the  
lu m in o s it ie s  o f  th e  s t a r s .  As th e  change in  lu m in o sity  i s  o f  th e  order  
o f  100 fo r  a v a r ia t io n  in  the H  ^eq u iv a len t w idth by a fa c to r  o f  10, the  
H^ in d ex  i s  determ ined m ainly by the b r ig h te s t  s ta r  o f  th e  system .
S t e l l a r  system s o f two o r more components which d i f f e r  l i t t l e  in  s p e c tr a l
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ty p e  and lu m in o sity , have th e  same H$ index as a s in g le  s t a r  w ith  th e se  
c h a r a c te r i s t i c s  but a re  a p p a ren tly  more luminous as each s t a r  c o n tr ib u te s  
to  th e  t o t a l  l i g h t .  Y/hile r a d ia l  v e lo c i ty  measurements made over a 
long  p e rio d  se p a ra te  out th e se  s t a r s ,  such in fo rm atio n  i s  r a r e ly  
a v a i la b le .  As a  r u le ,  th e  e f f e c t s  o f s t e l l a r  m u l t ip l ic i ty  have to  be 
in c o rp o ra te d  in to  th e  g e n e ra l s c a t t e r  about th e  c a l ib r a t io n  cu rve .
In  e a r ly  type s t a r s ,  i t  i s  no t uncommon to  f in d  weak hydrogen 
em ission  f i l l i n g  th e  Hjl l in e  p r o f i l e .  In  such c a se s , th e  e q u iv a len t 
w id th  o f th e  l in e  7/hen measured in  th e  way d esc rib ed  in  C hapter 2 i s  too 
sm all and th e  lu m in o sity  o f th e  s t a r  w i l l  be o v e re stim ated . In  p r a c t ic e ,  
em ission  s tro n g  enough to  be d e tec te d  by co n v en tio n al sp ec tro sc o p ic  means, 
b ia s s e s  th e  index to  such an e x te n t th a t  i t  can be a t  once d isca rd e d . 
However, i t  i s  p o s s ib le  th a t  sp e c tro s c o p ic a lly  u n d e tec ted  amounts o f 
in c ip ie n t  em ission in  th e  l in e  a lso  c o n tr ib u te  ap p re c ia b ly  to  s c a t t e r  
in  th e  ab so lu te  magnitude c a l ib r a t io n  r e l a t io n .
5* The Hß Lum inosity C a lib ra tio n .
The s tan d a rd  ab so lu te  m agnitudes adopted fo r  th e  c a l ib r a t io n  
were taken  from the  ta b le  p u b lish ed  by Johnson and I r i a r t e  (1958) which 
a ss ig n s  a b so lu te  m agnitudes to  th e  MK s p e c tr a l  and lu m in o sity  c la s s e s .
A l i s t  was com piled, co n ta in in g  a la rg e  number o f e a r ly  type  s t a r s  fo r  
which r e l i a b le  MK s p e c t r a l  c l a s s i f i c a t io n s  as w e ll as in d ic e s  were 
a v a i la b le .  The s t a r s  s e le c te d  were m ainly from th e  young a s s o c ia t io n s
and c lu s te r s  th a t  have been observed by Crav/ford and by th e  a u th o r.
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The Johnson and Iriarte table was then used to derive absolute 
magnitudes for these stars from their spectral classes. Among the 
list, there were doubtless some isolated errors in the spectral 
classification. In addition, the internal luminosity dispersion 
within the MK classes contributed further uncertainty to the absolute 
magnitudes used for this calibration. The assumption, however, was 
made that this dispersion was eliminated in the mean by using a large 
number of stars distributed over all the 0 and B spectral classes. 
Nevertheless, any systematic errors in the basic Johnson and Iriarte 
table remain.
Data for 165 stars were used in the calibration. The H^ 
indices were extracted from Table 2.3 and from the results published 
by Crawford (1958), (i960), (1961). The stars were selected without 
regard for luminosity class although all luminosity classes were 
adequately represented with the exception of class II.
The distribution of the calibration stars among the 5 
luminosity classes is shown in Table 3.1 while Table 3«2 gives the 
distribution among the spectral classes.
Table 3.1
Distribution of Calibration Stars Among Luminosity Classes.
Class Number
I 14
II 2
III 20
IV 24
V 105
Table 3.2.
Distribution of Calibration Stars Among Spectral Classes.
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Class Number
05 - BO 22
B1 - B2 48
B3 - B5 50
B6 - B8 24
B9 - AO 21
The calibration relation was calculated with the aid of the 
I1H 1620 computer of the Australian National University. Least squares 
polynomials of best fit were computed for the absolute magnitude in 
terms of the H|> index for three cases:
1. luminosity classes I - IV.
2. luminosity class V.
3. all luminosity classes.
Polynomial expression of degree higher than 4 were found to 
lead to little improvement in the root mean square deviation of the least 
squares fit. The three solutions are listed below together with the 
root mean square deviation for each.
1. Classes I - IV (Valid from j? = 2.55 to 2.80)
My = -8.74 + 50.69 (f- 2.5) - 75.09 (^  - 2.5)2 - 26.84 (^- 2.5)3
- 2.60 (p - 2.5)4 -0.73
2. Class V. (Valid from jä = 2.58 to 2.85)
My = -7.20 + 36.49 (f - 2.5) - 32.68 (f - 2.5)2 - 17.57 (f - 2.5)5
- 2.10 ( ß - 2.5; - 0.57
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3. All Glasses (Valid from f= 2.58 to 2.80)
My = -8.10 + 42.24 (p - 2.5) - 40.25 (p - 2.5)2 - 22.68 {f - 2.5)3
- 2.68 ( p- 2.5)4 -0.68.
The relation between the three curves can be seen in Figure 3«1 
in which absolute magnitude is plotted against the Hp index. In this 
diagram, a sample of about 25$ of the calibration stars is also plotted. 
Different notations are used for different luminosity class groups. It 
can be seen that the stars of luminosity classes I and II are grouped 
to the top left of the diagram with a relatively small dispersion in 
the Hp index. Also notable is the tendency of the classes III and IV 
to fit a calibration curve that lies systematically above the one for 
the class V stars. The separation is particularly large for the stars 
of late B spectral type where the difference exceeds one magnitude.
This effect has been suggested earlier in the literature by Strömgren 
(1958a) and by Sinnerstad (1961b) and is very probably caused by the 
dependence of the index on temperature as well as on luminosity.
In the absence of detailed spectroscopic information for the 
programme stars it is not possible to make a separation according to 
luminosity class. In principle, the three colour, U, B, V photometry 
that is available for nearly all the stars observed, could distinguish 
between luminosity classes III and V for an observed index. However, 
the application of substantial corrections for interstellar reddening to 
the U, B, V magnitudes and colours introduces uncertainties of such a 
magnitude that a separation is not possible.
Figure 3*1. The spectroscopic absolute magnitude is plotted 
against the index for 37 of the stars used in the 
calibration.
Also plotted are the least squares solutions for 
all the stars used in the calibration. The following 
notation is employed:
1. luminosity classes I - IV: —  —  —
2. luminosity class V : ----- ------
3. all luminosity classes :
NOTATION
l u m i n o s i t y  c l a s s e s  I ^ n  : o
l u m i n o s i t y  c l a s s e s  mrEz: : x
l u m i n o s i t y  c l a s s  v : •
2.55  2 .6 0  2-65  2 .7 0  2-75 2 - 8 0  2-85
61
A one param eter c a l ib r a t io n  can s t i l l  be used very  e f f e c t iv e ly  fo r  
s t a r s  o f type 0 and e a r ly  B f o r  which th e  lu m in o sity  c la s s  d if fe re n c e s  
a re  n o t la rg e .
The r e la t io n  f o r  a l l  lu m in o sity  c la s s e s  th a t  l i e s  between th e  
curves fo r  c la s s e s  I  -  IV and c la s s  V in  F igure  3*1 approaches the  
form er a t  h igh  ab so lu te  lu m in o s itie s  and th e  l a t t e r  a t  low lu m in o s itie s  
in  an asym ptotic  manner. This r e f l e c t s  th e  choice o f c a l ib r a t io n  s t a r s  
v/hich was made la rg e ly  from young a s s o c ia tio n s  and c lu s t e r s .  These 
groups c o n ta in  few l a t e  B type s ta r s  belonging  to  lum in o sity  c la s s e s  
I  -  IV. S ince i t  i s  to  be expected th a t  the  groups o f OB s ta r s  to  be 
s tu d ie d  a re  b a s ic a l ly  s im ila r  to  th e  c lu s te r s  and a s s o c ia tio n s  from 
which many o f th e  c a l ib r a t io n  s t a r s  were drawn, i t  i s  reasonab le  to  
suppose t h a t ,  w ith in  i t s  range o f v a l id i ty ,  th i s  compromise r e l a t io n  
re p re s e n ts  th e  b e s t c a l ib r a t io n  fo r  th e  Hj$ in d ic e s  in  th i s  p a r t i c u la r  
a p p l ic a t io n .  C a lib ra tio n  s t a r s  w ith  Hj2 in d ic e s  le s s  than  2.58 a l l  
belong to  lu m in o sity  c la s s e s  I  -  IV. At th e  h igh  lum in o sity  end o f 
th e  c a l ib r a t io n ,  th e re fo re , the  r e l a t io n  f o r  lu m in o sity  c la s s e s  I  -  IV 
i s  u sed . For a  s im ila r  reaso n , th e  lu m in o sity  c la s s  V r e la t io n  i s  used 
a t  th e  low lu m inosity  end o f th e  c a l ib r a t io n  fo r  s t a r s  w ith  Hj3 in d ic e s  
g re a te r  th an  2 .80 .
The adopted c a l ib r a t io n  r e l a t io n  th a t  i s  used in  subsequent 
d is c u s s io n  i s  p re sen ted  in  ta b u la r  form in  Table 3*3. R e lia b le  ab so lu te  
m agnitudes can be expected from t h i s  c a l ib r a t io n  fo r  s t a r s  belonging  to  
young c lu s te r s  and a s s o c ia t io n s . The same r e la t io n  may not hold  f o r  s t a r s
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in the general field with spectral types later than B5. To extend the 
luminosity calibration so that precise estimates of absolute magnitude
can be made for stars such as these, it is necessary to introduce 
additional parameters which can be measured with the same speed and
precision that characterises the Hj> and U, B, Y observations.
Table 3« 3»
Tabular Calibration for Hp Indices. 
M
2.53
2.54
2.55
2.56
2.57
2.58
2.59
2.60 
2.61 
2.62
2.63
2.64
2.65
2.66
2.67
2.69
2.70
-7.3
- 6.8
-6.4
- 6.0
-5.5
-5.0
-4.6
-4.3
-4.0
-3.7
-3.3
-3.0
-2.7
-2.5
- 2.2
-1.7
-1.5
f
2.71
2.72
2.73
2.74
2.75
2.76
2.77
2.78
2.79
2.80 
2.81 
2.82
2.83
2.84
2.85
- 1 .2  
- 1 .0  
- 0.8 
- 0.6 
-0.4 
- 0.2 
- 0.1 
0.0 
+0.1 
+0.3 
+0.4 
+0.5 
+0.6 
+0.7 
+0.8
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4. Distance Determinations from HAbsolute Magnitudes«
Using the calibration Table 3.3> it is nov/ possible to 
estimate the absolute magnitude of an early type star directly from its 
index. If a measurement of its apparent magnitude is available, the 
distance of the star can then be determined directly provided that 
allowance can be made for the effects of interstellar absorption* The 
three colour method of correcting the magnitudes and colours of early 
type stars for interstellar absorption, was introduced1 by Becker (1938) 
and has been developed further for the U, B, V photometric system by 
Johnson and others (Johnson and Morgan; 1953)» (Hiltner and Johnson; 1956), 
(Morgan and Harris; 1956), (Johnson; 1958)* This procedure can be 
applied directly since photometry on the U, B, Y system is available 
for nearly all the stars on the observing programme*
There are essentially two steps in the computation of this 
correction*
1 • Derivation of the intrinsic (B-V) colour index for the star 
from the observed U, B, V magnitudes.
2* Conversion of the (B-V) colour excess, denoted by to the
total visual absorption, A •
The first step is straightforward for stars close to the main 
sequence with luminosity classes III, IV and V. Johnson (1958) has 
computed a nomogram which can be used to derive colour excesses to an 
accuracy of a few hundredths of a magnitude. This method, unfortunately, 
cannot strictly be applied to supergiants of luminosity classes I and II*
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Intrinsic colours for stars on the programme with these luminosity 
classes must be derived indirectly.
In making corrections for interstellar absorption to the 
U, B, V data in Table 2.3, we shall regard stars with indices less 
than 2.57 as belonging to luminosity classes I and II. According to 
Table 3*3, these correspond to stars brighter than absolute magnitude 
-5»5* Stars with larger Hj3 indices are treated as main sequence stars 
and their intrinsic colours are obtained by entering their observed 
colours into the Johnson nomogram directly. The procedure is more 
complicated for supergiants. Johnson (1963) has recently compiled a 
table containing the best available values of the intrinsic (B-V) 
colours for each 0 and B supergiant sub-class. This table is used 
to determine the intrinsic colour of a high luminosity programme star 
if an MK spectral classification is available. In the several cases 
for which this method cannot be followed, the observed colours are 
entered into Johnson’s nomogram, and a correction is applied from 
Table 3*4 to the result. Table 3*4 is constructed from the spurious 
colour excesses that are obtained when Johnson's intrinsic colours 
for luminosity class I stars are entered into his nomogram.
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Table 5.4.
Correction of Apparent Intrinsic Colours for Luminosity
Spectral
Type
09
BO
B2
B5
B9
Class I 
(B-V)q Apparent
- 0.50
-0.29
-0.28
-0.24
-0.18
and II stars.
EB-V Spurious
+0.02
0.05
0.11
0.15
0.18
(3~V)o True
-0.28
-0.24
-0.17
-0.09
0.00
Einpirical tests show that this table can be used to assign 
intrinsic colours to high luminosity stars that are consistent with 
their spectral classification even when the absorption corrections are 
considerable. Bor example, we consider star 119 of Table 2.3» Entering 
the observed colours in Johnson's nomogram, we obtain (B-V)q Apparent = 
-0.25. Prom Table 3.4, (B-V)q Apparent = -0.25 corresponds to (B-V)q True 
-0.11. This agrees well with the colour index -0.13 given by Johnson 
for its spectral type, B3Iab.
In the second step of the absorption corrections, the total 
visual absorption, A^, is assumed to be linearly proportional to the 
colour excess. Following Hiltner and Johnson (1956), a ratio 
A. /e^ y of 3.0 is used. Hardie and Crawford (1961) have emphasised 
that the large uncertainty of this ratio impairs the accuracy of all 
stellar distance estimates made from spectroscopic absolute magnitudes. 
Following their discussion, a basic uncertainty of 10% is assumed to 
exist in all computed values of A^.
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5* T ests  o f th e  C a l ib ra t io n ,
The r e l i a b i l i t y  o f th e  c a l ib r a t io n  derived  in  s e c tio n  3 
o f  th i s  c h ap te r  can be checked from th e  and U, B, V o b se rv a tio n s  th a t  
have been made fo r  s e v e ra l  g a la c t ic  c lu s te r s  fo r  which d is ta n c e s  have 
been determ ined by o th e r  m ethods. This d a ta  i s  con tained  in  Table 2.3 
o f  th e  l a s t  ch ap te r fo r  th e  c lu s te r s  NGC 2264, IC 2391, NGC 4755,
NGC 6087, NGC 6383 and IC 4725* Supplem entary and U, B, V o b serv a tio n s  
have been l i s t e d  by Crawford (1958), (1961 ) f o r  the  s t e l l a r  a s s o c ia tio n s  
I I  P e r s e i ,  I  O rio n is , I  L acertae  and f o r  the  a P e rse i c lu s t e r .  In  
a d d it io n , o b se rv a tio n s  have been made by Hardie and Crawford (1961) 
and by th e  au th o r f o r  s ta r s  belong ing  to  th e  S co rp ius-C entaurus a s s o c ia t io n . 
For th e se  s t a r s ,  th e  d is ta n c e s  found by th e  Eß method can be compared 
d i r e c t ly  w ith  th e  moving c lu s te r  p a ra lla x e s  d e riv ed  by B e r tia u .
To determ ine th e  c lu s t e r  d is ta n c e s  from th e  Hf? in d ic e s , 
a b so lu te  m agnitudes a re  read  d i r e c t ly  from th e  c a l ib r a t io n  ta b le ,
Table 3*3. The th re e  co lo u r U, B, V o b serv a tio n s  in  Table 2 .3  a re  used 
to  c o r re c t  th e  v is u a l  m agnitude and th e  (B-V) and (U-B) co lour in d ic e s  
o f each s t a r  f o r  i n t e r s t e l l a r  a b so rp tio n , in  th e  manner o u tlin e d  in  th e  
p rev io u s  s e c t io n . The d is ta n c e  modulus, Vq-Mv i s  th en  computed fo r  
each s t a r .  The r e s u l t s  o f  the  c a lc u la t io n s  a re  p re sen ted  in  Table 3»5.
The f i r s t  column o f th i s  ta b le  co n ta in s  th e  s t a r  id e n t i f i c a t io n  t r a n s fe r r e d  
from column 2 o f  Table 2 .3 . Columns 2, 3 and 4 l i s t  the  a b so rp tio n  
c o rre c te d  v a lu es  o f th e  v is u a l  m agnitude, V, and of th e  co lou r in d ic e s ,
(B-V) and (U-B). Column 5 co n ta in s  the  Hß index vdiile column 6 g iv es
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Table 3 .5 .
S ta r V
0 (E-V)o (U-B)o t MV V -M0  V Notes
NGC 2264.
6 6 .7 -0 .1 3 -0 .3 4 2.74 -0 .6 7.3 4
7 7.5 -0 .1 8 -0 .6 9 2.68 -1 .9 9 .4
25 6 .3 -0 .11 -0 .3 4 2.74 -0 .6 6 .9 4
50 7 .8 -0 .2 2 -0 .7 9 2.69 -1 .7 9 .5
85 7.6 -0 .2 4 -0 .9 0 2.67 -2 .2 9 .8
131 4.5 -0 .2 9 -1.11 2.58 -5 .0 9.5
178 7 .0 -0 .2 6 -1.01 2.63 -3 .3 10.3 5
187 9 .0 -0 .1 2 -0 .4 3 2.78 0 .0 9 .0
212 7.2 -0 .2 2 -0 .81 2.67 -2 .2 9 .4
Mean Modulus 9.43
Standard  Devn. 0.24
IC 2391. 1
0 3 .7 -0 .1 8 -0 .6 6 2.66 -2 .5 6 .2
1 5.6 -0 .1 4 -0 .5 0 2.69 -1 .7 7 .3
2 5.3 -0 .1 5 -0 .5 7 2.68 -1 .9 7 .2
3 4 .9 -0 .1 8 -0 .66 2.68 -1 .9 6 .8
4 5.6 -0 .1 7 -0 .5 4 2.73 -0 .8 6 .4
6 7.3 -0 .0 3 0.00 2.85 +0.8 6 .5
8 7.4 -0 .0 2 +0.01 2.85 +0.8 6 .6
11 7.3 -0 .0 6 -0 .0 4 2.85 +0.8 6 .5
12 5.5 -0 .1 6 -0 .5 5 2.70 -1 .5 7 .0
13 6 .5 -0.11 -0 .3 7 2.76 -0 .2 6 .7
HD 73340 5 .8 -0 .1 4 -0 .5 7 2.70 -1 .5 7 .3
Mean Modulus 6 .77
S tandard Devn. 0.36
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T ab le  3*5 -  c o n tin u e d :
S ta r V0 (E-V )o (U-B)0 r MV V -M0  V N otes
NGC 4755
4529 4 .6 +0.01 -0 .5 6 2.55 -6 .4 11 .0
4543 5 .8 -0 .1 4 -0 .9 2 2 .55 - 6 .4 12 .2
4551 6 .8 -0 .1 6 -0 .8 8 2.55 -6 .4 13 .2
4555 4 .8 -0 .1 3 -0 .8 0 2.56 - 6 .0 10 .8
4566 5 .6 -0 .1 0 -0 .8 0 2 .56 - 6 .0 11 .6
Mean Modulus 11.76
S tan d a rd  Devn. 0 .8 7
NGO 6087
1 7 .8 -0 .1 5 -0 .5 7 2.71 -1 .5 9 .3
2 9 .6 -0 .1 5 2 .74 -0 .6 10 .2
4 10 .0 -0 .1 3 2 .78 0 .0 10 .0
5 9 .9 -0 .1 2 -0 .4 2 2 .78 0 .0 9 .9
6 9 .9 -0 .1 5 2 .7 7 -0 .1 10 .0
7 7 .9 -0 .1 1 -0 .3 8 2.71 -1 .2 9.1
55 9 .6 2.76 - 0 .2 9 .8
9 9 .0 -0 .1 3 -0 .3 9 2 .70 -1 .5 10.5 5
10 7 .5 -0 .1 5 -0 .5 1 2 .58 - 5 .0 12 .5
11 8 .9 -0 .1 5 -0 .5 2 2 .70 -1 .5 10 .4
13 8 .9 -0 .1 5 -0 .5 2 2 .73 -0 .6 9 .5
14 9 .2 -0 .1 3 -0 .4 6 2.63 - 3 .3 12 .5 6
15 9 .7 -0 .1 0 2.75 -0 .4 10.1
17 8 .4 -0 .1 0 -0 .3 5 2 .76 - 0 .2 8 .6 5
18 9 .4 -0 .0 3 2 .76 - 0 .2 9 .6
19 9 .4 -0 .1 1 2 .76 -0 .2 9 .6
20 8 .0 -0 .1 3 -0 .4 9 2 .68 - 1 .9 9 .9
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T ab le  3 .5  -  c o n tin u ed :
S ta r V0 (B-V)o (U-B)o P MV V -M0  V N otes
22 9 .2 -0 .1 3 2 .53 5
25 9.1 -0 .1 1 -0 .3 6 2 .7 2 - 1 .0 10.1
Mean Modulus 9 .8 7
S tan d a rd Devn. 0 .3 8
NGC 6383. 2
1 4 .8 -0 .2 6 2 .5 8 - 5 .0 9 .8
2 9 .5 -0 .1 9 -0 .7 1 2 .6 4 - 3 .0 12.5 5
5 10.4 -0 .2 0 -0 .4 7 2 .7 2 - 1 .0 11 .4
6 8.1 -0 .2 7 -0 .8 9 2 .65 - 2 .7 10 .8
10 9.1 -0 .2 5 -0 .6 8 2 .69 - 1 .7 10 .8
14 9 .0 -0 .1 9 -0 .6 3 2 .6 8 - 1 .9 10 .9
20 10.4 -0 .1 5 -0 .3 4 2 .7 8 0 .0 10.4
Mean Modulus 10 .68
S ta n d a rd Devn. 0 .4 9
I(3 4725. 3
6881 6 .4 -0 .1 5 -0 .5 5 2.71 - 1 .2 7 .6
6 6 .7 -0 .1 4 -0 .5 2 2 .73 - 0 .8 7 .5
12 8 .9 -0 .1 1 -0 .3 9 2 .7 8 0 .0 8 .9
13 8 .3 -0 .1 3 -0 .4 6 2 .72 - 1 .0 9 .3
14 7.1 -0 .1 6 -0 .5 7 2 .5 8 - 5 .0 12.1 6
15 8*6 -0 .1 3 -0 .4 5 2 .8 0 +0.3 8 .3
17 8 .4 -0 .1 4 -0 .4 8 2 .6 7 - 2 .2 10 .6
18 8 .3 -0 .1 4 -0 .5 0 2 .75 - 0 .4 8 .7
32 8 .6 -0 .1 0 -0 .3 0 2 .8 3 +0.6 8 .0
43 8 .8 -0 .1 1 -0 .3 9 2 .75 - 0 .4 9 .2
58 7 .6 -0 .0 7 -0 .2 0 2 .7 7 -0 .1 7 .8
60 8 .9 -0 .1 2 -0 .3 9 2 .76 -0 .3 9 .2
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Table 3*5 -  
S ta r
con tinued :
V
0 ( s - v ) 0 (U -B )o P MV V -M0 V Notes
63 7.4 -0 .1 4 -0 .4 9 2.63 -3 .3 10.7
64 8 .6 -0 .1 2 -0.41 2.81 +0.4 8 .2
99 7.7 -0 .1 4 -0 .5 0 2.62 -3 .7 11.4 5
HD 105937 4.0
Mean Modulus 
S tandard Devn.
Scorp ius -  Centaurus 
-0 .1 6  -0 .6 0
8 .77
0.99
2.71 -1 .2 5 .2 5
106983 4.0 -0 .1 8 -0 .6 8 2.68 -1 .9 5 .9
108483 3.9 -0 .2 0 -0 .7 2 2.64 -3 .0 6 .9
109026 3.8 -0 .1 6 -0 .6 0 2.69 -1 .7 5.5
110956 4.6 -0 .1 7 -0 .6 2 2.69 -1 .7 6 .3
111123 1.1 -0 .2 7 -1 .0 2 2.59 -4 .6 5 .7
112078 4.6 -0 .1 6 -0.61 2.68 -1 .9 6.5
112091 5.0 -0 .1 4 -0.51 2.64 -3 .0 8 .0 5
112092 3.9 -0.21 -0 .7 6 2.61 -4 .0 7 .9 5
113703 4.7 -0 .1 5 -0 .5 7 2.71 -1 .2 5.9
113791 4.2 -0 .2 0 -0 .7 7 2.60 -4 .3 8 .5 5
116087 4.5 -0 .1 6 -0 .6 0 2.69 -1 .7 6 .2
118716 2.2 -0 .2 5 -0 .9 4 2.61 -4 .0 6 .2
121790 3.8 -0.21 -0 .8 0 2.63 -3 .3 7.1
122980 4.3 -0.21 -0 .7 9 2.65 -2 .7 7 .0
125823 4.3 -0 .2 3 -0 .8 8 2.61 -4 .0 8 .3 5
129116 4.0 -0 .1 8 -0 .6 9 2.67 -2 .2 6 .2
130807 4.3 -0 .1 6 -0 .6 0 2.68 -1 .9 6 .2
132058 2.6 -0 .2 3 -0 .8 9 2.61 -4 .0 6.6
132200 3.1 -0.21 -0 .7 7 2.65 -2 .7 5 .8
133955 4.0 -0 .1 8 -0 .6 8 2.70 -1 .5 5.5
136298 3.2 -0 .2 3 -0 .8 8 2.62 -3 .7 6 .9
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Table 3 .5  -  con tinued :
S ta r V
0
(B-V)o ( u - s ) o M
V
V -M Notes
0  V
HD 136664 4.4 -0 .1 8 -0 .65 2.68 -1 .9 6.3
138690 2 .7 -0 .2 3 -0 .8 4 2.62 -3 .7 6 .4
138769 4.5 -0 .1 9 -0 .6 9 2.68 -1 .9 6 .4
139365 3.6 -0 .1 8 -0 .6 9 2.66 -2 .5 6.1
142096 4.5 -0 .2 0 -0 .7 0 2.69 -1 .7 6 .2
142669 3 .8 -0 .2 2 -0 .8 2 2.64 -3 .0 6 .8
143018 2 .7 -0 .26 -0 .9 5 2.61 -4 .0 6 .7
143275 1.8 -0 .2 7 -1 .0 3 2.59 -4 .6 6 .4
145482 4 .4 -0.21 -0 .7 7 2.65 -2 .7 7.1
148605 4 .6 -0 .2 0 -0 .7 3 2.67 -2 .2 6 .8
149438 2 .7 -0 .2 9 i _k • o 2 .59 -4 .6 7.3
Mean Modulus 6.39
Standard  Devn. 0.48
Notes to  T ab le .
1. IC 2391, No c o r re c t io n fo r  redden ing  n ecessa ry .
2. NGC 6383 , Mean co lo u r excess o f 0 .30  m agnitudes assumed s in ce
in d iv id u a l  pho tom etric  o b se rv a tio n s  have low w eight.
3. IC 4725* I n t r in s i c  co lo u rs  taken  from Wampler e t  a l  (1961)•
4. NGC 2264, Non members according  to  Walker.
5. S ta r  n o t used in  c a lc u la t io n  o f mean modulus and s tan d ard  d e v ia t io n .
6. Known em ission  l in e  s t a r .
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the derived absolute magnitude. In column 7, the computed distance 
modulus is found. Finally, at the foot of the list for each cluster, 
the mean distance modulus and the standard deviation of the individual 
values about this mean are recorded.
Some precaution has to be taken to ensure that stars with 
anomalous Hp indices do not bias the mean values computed for the 
group distance modulus. This is particularly important when the mean 
value is derived from observations of only several stars in a group.
As an arbitrary restriction, any distance modulus which departs from 
the mean value by more than twice the standard deviation is not used 
in the calculation of the mean distance modulus and standard deviation. 
The results of Table 3*5 are summarised in Table 3.6. This table also 
gives the distance modulus derived in other studies for which the üß 
method was not used. Also included are distance moduli which are 
computed using the present Hj$ calibration applied to the data published 
by Crawford. It can be seen from this table that the Hß distance moduli 
compare very well with the values derived in other studies. The size of 
the differences in column 5 of the table is of the same order as the 
expected error for any distance determination.
The poor agreement between the Hß distance modulus and the 
photometric determination by Hogg and by Lyngä for the cluster IC 2391 
is difficult to explain. The photometric value is supported by the 
spectroscopic observations of Feinstein (lS6l). On the other hand, 
Buscombe (in press) has measured the HY and H6 line intensities for
73
Table 3 .6 .
S ta r  Group D istance  Modulus 
H Independent
Value
Source
D iffe ren ce
a ) Strom lo O b serva tions.
NGC 2264 9 .4 9.6 (1) (2) -0 .2
10 2391 6 .8 6 .0 (5) (4) +0.8
NGC 4755 11.8 11.9 (5) -0 .1
NGC 6087 9 .9 9 .8 (6) +0.1
NGC 6383 10.7 10.5 (7) +0.2
IC 4725 8 .8 9 .0 (6) -0 .2
Sco-Cen (so u th ) 6 .4 6 .2 (8) +0.2
b) Crawford O b serva tions.
Sco-Cen (n o r th ) 6 .4 6 .2 (8) +0.2
I  Lac 9 .0 8 .9 (9) +0.1
I I  P er 8.1 8 .0 (10) +0.1
a P er 6 .4 6.1 (11) +0.3
I  Ori 8 .3 8 .4 (12) -0 .1
R eferences to  Table 3*6.
1. W alker, M.P. Ap. J . , Suppl. 2 ,  365, 1956.
2. Johnson, H.L. Ap. J . , 126, 121, 1957 »
3. Hogg, A.R. P.A.S .P . 72, 85, I960.»
4. Iynga, G. Arkiv
n
. For A stronom i, 3, No. 8 , 1962.
3. F e a s t, M.W. M.N. _126, 11, 1963.
6. L ando lt, A.U. A. J . 68, 283, 1963.
7 . Eggen, O .J . R. Obs. B u ll. No. 27, 1961.
8 . B e r tia n , F.C . Ap. J . , _128, 533, 1958 •
9- Crawford, D.L. Ap. J . , J33> 8 6 ° y  1961 •
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10. Seyfert, C.K., Hardie, R.H. and Grenchick, R.T., Ap.J., 132, 58, I960.
11. Mitchell, R.I. Ap.J., 132, 68, I960.
12. Sharpless, S. Ap.J., 136, 767, 1962.
many of the stars in the cluster. He used the hydrogen line calibration 
of Sinnerstad (1961 b) to derive a mean distance modulus of 6.6 magnitudes 
which is close to the HRvalue. It seems unlikely, therefore, that the 
present Hp calibration is responsible for the poor agreement in Table 3*6. 
It is known that the cluster possesses several peculiar A type stars 
and it is possible that a detailed spectroscopic study of some of the 
bright cluster members would suggest a reason for the discrepancy.
An examination of the individual absolute magnitudes and 
distance moduli in Table 3*5 reveals a tendency of the brightest star 
in any particular cluster to have an apparently smaller distance modulus 
than the mean value. This effect is not entirely unexpected and arises 
from the use of only one parameter in the luminosity calibration. The 
brightest star in any one cluster is generally the star that has 
evolved furthest from the main sequence. It is often of luminosity 
class III or IV. In Figure 3*1 it has already been noted that stars 
of the high luminosity classes tend to have brighter absolute magnitudes 
for a given H|? index than main sequence class V stars. To minimise this 
effect when determining the Hß distance for a group of early type stars, 
observations should be made over an apparent brightness range of at least
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one magnitude. In this instance, in particular, a luminosity classification 
based on more than one parameter would improve the precision of the 
estimated absolute magnitudes.
6. Comparison Between the H|? Calibration and Other Luminosity 
Calibrations of Hydrogen Line Intensities.
The absolute magnitudes derived from hydrogen line 
measurements using the various luminosity calibrations are by no means 
in good agreement and systematic differences as large as a magnitude 
exist between the published absolute magnitudes for some early type 
stars. It is obvious that a systematic error of this size cannot be 
tolerated in a calibration when the results are used to explore the 
large scale structure of the G-alaxy. The diagrams plotted by Crawford (1958) 
and Sinnerstad (1961 a) indicate that there is satisfactory agreement 
between the actual hydrogen line measurements that have been made in 
various investigations and it is evident that the systematic differences 
in the assigned absolute magnitudes must originate in the luminosity 
calibrations themselves. In this section, a critical examination is 
made of some of the hydrogen line luminosity calibrations that have been 
formulated recently. Particular attention is paid to the sources of 
basic absolute magnitudes that are at the foundation of every luminosity 
calibration.
An earlier calibration of the Hj3 indices in terms of absolute 
magnitude was constructed by Hardie and Crawford (1961). This can be
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compared directly with the one derived in section 3 of this chapter. 
Hardie and Crawford’s calibration depends entirely on absolute magnitudes 
determined for members of the Scorpius-Centaurus association and, for 
this reason, can only be applied to main sequence stars fainter than 
absolute magnitude -4. A mean distance of 172 parsecs, determined by 
Bertiau (l95ö) for the association was used to compute absolute 
magnitudes from the 3-colour U, B, V photometric data. Hardie and 
Crawford were able to analyse the effects of stellar multiplicity on 
the calibration from an examination of the published radial velocities 
for individual association members. A relation linking the Hj? indices 
and the absolute magnitudes was computed not only for all the 
association members observed but also for just those with constant 
radial velocity. These stars were expected to be single in the majority 
of cases.
This analysis showed that the brighter absolute magnitudes of 
multiple stars with variable radial velocities, tended to bias the 
calibration relation for all stars together and to separate it slightly 
from the relation derived from single stars alone. This difference was 
supported by the observation that the scatter about the relation for 
single stars only (-0.32 mag.) was considerably less than that about the 
relation for all the stars together (-0.50 mag.).
The Hj$ calibration constructed in this chapter is analagous 
to Hardie and Crawford's relation for all the Scorpius-Centaurus members 
that they observed, since here also, errors resulting from stellar
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multiplicity are incorporated into the general scatter. Table 3*7 
compares the absolute magnitudes corresponding to the H^ indices in 
the range where the calibration relations overlap.
Table 3*7«
Comparison Between the Present H# Calibration and 
the Calibration Derived by Hardie and Crawford.
f M _ ,v Graham Mv H-C,
2.60 -4.3 -3.9
2.65 -2.7 -2.4
2.70 -1.5 -1.3
2.75 -0.4 -0.4
2.80 +0.3 +0.4
2.85 +0.8 +0.8
The agreement is almost exact for stars fainter than 
absolute magnitude -1.0, while small differences occur for the brighter 
stars up to a maximum of 0.4 magnitudes for = 2.60. The large sample 
of luminosity class I - IV stars with spectral types earlier than B5 
in the present calibration is responsible for this difference. Only 
one star in this range of luminosity class and spectral type is 
included in Hardie and Crawford’s calculation. On the other hand, 
the curve in Figure 3*1 that was computed for class V stars only, 
agrees almost perfectly with their calibration relation.
The first of the modern luminosity calibrations of hydrogen 
line intensity was constructed by Petrie (1952), (1956)• He aimed to 
derive the standard absolute magnitudes for his calibration independently
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of any assumptions about either the effects of interstellar absorption 
or the positions of the early type stars on the Hertzsprung-Russell 
diagram. More recent calibrations, for example those of Johnson and 
Iriarte (1958) and of Sinnerstad (1961 b), depend heavily on such 
assumptions.
Petrie established his standard absolute magnitudes from 
three sources.
a. visual binaries
b. galactic clusters
c. eclipsing binaries.
Observations of physical binary systems can lead to useful 
information about the relative luminosities of two stars at the same 
distance. The absolute magnitudes of many B type stars can thus be 
inferred from the absolute magnitudes estimated for their companions of 
later spectral type. The method has the advantage of being independent 
of the effects of interstellar absorption. Petrie chose 15 visual binary 
stars to supply absolute magnitude standards for his calibration in this 
way. In many cases, the later type companion was a star of class A and 
its absolute magnitude was determined from its own HY line intensity 
with the help of an earlier HY calibration for A type stars derived by 
Petrie and Maunsell (1950). Any systematic errors in the earlier 
calibration were thereby carried over in part into the B star calibration.
Petrie placed high weight on absolute magnitudes determined 
for stars in galactic clusters and associations. 59 standard absolute
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magnitudes from this source were used. He estimated the distances of 
these star groups from a discussion of the available trigonometric and 
spectroscopic parallax data. The HY absolute magnitudes of some A type 
members were used in this discussion. Reference was also made to the 
absolute magnitudes derived by Blaauw (1946) from the motions of the 
Scorpius-Centaurus association.
Absolute magnitudes determined from eclipsing binaries greatly 
influence the Petrie calibration. Although only 15 of these were used, 
the resulting 25 standard absolute magnitudes were generally assigned 
higher weight than those derived from other sources. The absolute 
magnitudes of the eclipsing stars were calculated in several steps which 
included the determination of the orbital elements for the system and 
the estimation of the effective temperatures, bolometric magnitudes 
and bolometric corrections for the individual stars.
A comparison is made in Figure 3,2 between the absolute 
magnitudes estimated by Petrie and those determined from the present 
E ß  calibration. Many of the E ß  indices used in this comparison are 
taken from Crawford's published lists. It can be seen from the plot 
that the disagreement between the two sets of values is similar in 
magnitude and sign to that noted by Sinnerstad and by Johnson and Iriarte 
in their calibrations. There is good agreement for the few stars 
fainter than absolute magnitude -1 and brighter than absolute magnitude 
-5. Between these values, Petrie's absolute magnitudes are systematically 
too faint by amounts up to 1.5 magnitudes.
Figure 3.2. Petrie's absolute magnitudes are compared with
those derived using the present calibration,
a b s o l u t e  m a g n i t u d e  ( p e t r i e )
A 8 S O L U T C  MA GNI T UDE  ( GRAHAM)
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Sinnerstad (1961 b) pointed out that the disagreement can 
be partly explained by the fact that corrections for stellar duplicity 
were made by Petrie. Reference to Table 6 of the paper by Hardie and 
Crawford (1961) shows that this indeed is responsible for some of the 
disagreement. Furthermore, Sinnerstad noted that the distance moduli 
assumed by Petrie for the standard stars in galactic clusters were 
smaller than those generally accepted. For the stellar groups,
I Persei, I Orionis and the Pleides, the assumed distance moduli 
were 0.4 magnitudes smaller, on the average, than those assumed in the 
Johnson and Iriarte calibration. This difference certainly contributes 
to the general disagreement with Petrie's absolute magnitudes.
There is evidence that Petrie's calibrations is heavily 
biassed by the high weight given to absolute magnitudes derived from 
eclipsing binary data. The mean period of the 15 eclipsing binary 
systems used for his calibration was 3*3 days. It is well known that 
close binary stars with periods less than 5 days often exhibit unusual 
features. The mutual interaction of the stars frequently leads to 
gaseous streaming that can introduce uncertainties into the determination 
of the orbital elements. Ellipsoidal distortions of the stars are 
commonly induced which are observed as fluctuations in the apparent 
brightness of the system. Variations in the surface gravity at the 
surface of each star due to both rapid rotation and mutual interaction 
could well make these stars unsuitable as standard stars for calibration.
In order to examine the reliability of these standard absolute
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m agnitudes more c lo s e ly ,  re fe re n c e  was made to  a l i s t  o f 22 e c l ip s in g  
s t a r s  fo r  which ab so lu te  m agnitudes were determ ined by P e t r ie  and 
Moyls (1956) bo th  from HI l in e  in te n s i ty  measurements and from the  
combined sp e c tro sc o p ic  and photom etric  d a ta . The l i s t  in c lu d e s  th e  
15 s t a r s  fo r  which s tan d a rd  ab so lu te  m agnitudes were computed in  th e  
o r ig in a l  HY c a l ib r a t io n .  For each s t a r ,  th e  HY ab so lu te  m agnitude and 
th e  a b so lu te  m agnitude c a lc u la te d  from sp ec tro sco p ic  and pho tom etric  
d a ta  a re  p lo t te d  in  F igu re  3.3* B in a rie s  which d isp la y  e l l i p t i c i t y  
e f f e c t s  in  t h e i r  l i g h t  curves accord ing  to  th e  G eneral C atalogue o f 
V ariab le  S ta rs  (K ukarkin e t  a l ;  1958) a re  shown w ith  a  s e p a ra te  
n o ta t io n .  Taking a l l  th e  s ta r s  to g e th e r , th e re  i s  g e n e ra lly  good 
agreement between th e  a b so lu te  m agnitudes determ ined by th e  two m ethods, 
as P e t r ie  and Moyls p o in te d  o u t. N e v e rth e le ss , th e re  i s  a  d e f in i te  
sy stem a tic  t re n d  f o r  th e  s t a r s  th a t  show th e  e f f e c t s  o f  m utual 
in te r a c t io n  to  have c a lc u la te d  a b so lu te  m agnitudes s y s te m a tic a lly  
sm a lle r  th an  th e  HY v a lu e s . This f irm  tre n d  in d ic a te s  th a t  i t  i s  
unwise to  u se  s tan d a rd  a b so lu te  m agnitudes c a lc u la te d  from c lo se  b in a ry  
s t a r s  in  a lu m in o s ity  c a l ib r a t io n  fa? B s t a r s .
R eference to  P e t r i e ’s o r ig in a l  c a l ib r a t io n  curve (1952, F ig .2) 
shows th a t  th e  c a l ib r a t io n  i s  h e a v ily  b ia ssed  by th e  e c l ip s in g  b in a ry  
d a ta  tow ards f a i n t  a b so lu te  m agnitudes in  th e  range - 3 .5 <^ M - 1 .5 .
The e c l ip s in g  b in a ry  s tan d a rd  s ta r s  in  t h i s  range a re  p redom inantly  
th o se  showing e l l i p t i c i t y  e f f e c t s  in  t h e i r  l ig h t  curves and have 
c a lc u la te d  a b so lu te  m agnitudes th a t  a re  s y s te m a tic a lly  too  f a i n t
Figure 3*3 The absolute magnitudes derived by Petrie for 
eclipsing binaries from photometric and spectroscopic 
data are compared with those determined from HY 
measurements. Binaries showing ellipticity effects 
in their light curves are denoted by open circles.
o- 5
- 4
f j \ ( c a l c u l a t e : d)
- 3
A
- 2 o•  o
•  A  00 ° oo
/
/
L. o - 2  -  3
M v [ H I  )
- 5
82
according to Pig. 3»3« It is significant that it is just in this range 
that the Petrie absolute magnitudes differ most from those determined 
with the H^ ? calibration.
The standard absolute magnitudes used in the calibrations of 
Sinnerstad (1961 b) and Kopylov (1958) depended heavily on the distance 
moduli derived photometrically for a number of clusters and associations. 
Standard absolute magnitudes calculated from the moving cluster 
parallaxes of the Ursa Major, Hyades, Cassiopea-Taurus and Scorpius- 
Centaurus groups were also included. Sinnerstad critically compared 
the absolute magnitudes calculated from his calibration with those 
derived in other studies. He obtained poor agreement with Petrie's 
absolute magnitudes but generally good agreement with those deteimined 
by Johnson and Iriarte and by Kopylov. However, for the high luminosity 
class I supergiants he found the Johnson-Iriarte absolute magnitudes 
systematically too faint by 0.6 magnitudes. Sinnerstad argued that the 
transition from low luminosity class V stars to those of the high 
luminosity class I is not a smooth one but that the supergiants are 
separated into a physically distinct class. He therefore criticised 
the procedure generally adopted of forcing the supergiants to fit a 
single, continuous calibration curve covering all luminosity classes.
There are a number of stars in Sinnerstad's list for which 
H ^  indices have been measured mainly by Crawford. Using the H^ ß 
calibration in Table 3.3, absolute magnitudes have been computed. The 
results are compared with Sinnerstad's values in Figure 3.4. The
Figure 3« 4. Sinnerstad’s absolute magnitudes are compared
with those derived using the present calibration
A B S O L U T E  M A G N I T U D E  
( S I N N E R S T A D )  •  •
A B S O L U T E  M A G N I T U D E  ( G R A H A M ^
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agreem ent on th e  whole i s  very  good. There i s  some evidence in  th e  
p lo t  to  suggest a  sy stem a tic  d if fe re n c e  o f no more than  a few te n th s  
o f  a magnitude between a b so lu te  m agnitudes -3  and -1 . A p o s s ib le  
ex p lan a tio n  f o r  th i s  i s  t h a t ,  in  th i s  ran g e , S in n e rs ta d 's  c a l ib r a t io n  
depended s tro n g ly  on the  moving c lu s te r  p a ra lla x e s  d e riv ed  by Blaauw 
f o r  th e  C assiopea-Taurus group. In  a re c e n t pap er, however, Crawford 
(1963 a) showed th a t  th e  c o r r e la t io n  between th e  Hß in d ic e s  and B laauw 's 
a b so lu te  m agnitudes i s  very  poor fo r  t h i s  group. Prom t h i s ,  and from 
o th e r  c o n s id e ra tio n s , he questioned  th a  v a l id i t y  o f t r e a t in g  t h i s  group 
as a  moving c lu s t e r .  Prom Craw ford’s diagram , i t  i s  c le a r ,  to  say th e  
l e a s t ,  th a t  Blaauw’s a b so lu te  m agnitudes f o r  t h i s  group cannot be used to  
c a l i b r a t e  the  hydrogen l in e  i n t e n s i t i e s  in  te rn s  o f lu m in o s ity .
In  summary, th e  c a l ib r a t io n  th a t  has been d eriv ed  in  t h i s  
c h a p te r  i s  w e ll defin ed  and i t  i s  u n lik e ly  th a t  th e re  a re  any sy stem a tic  
e r ro r s  g re a te r  th an  ^0 .2  m agnitudes when i t  i s  ap p lied  to  a group o f 
e a r ly  type s t a r s .  The s tan d a rd  d e v ia tio n  o f each in d iv id u a l a b so lu te  
m agnitude i s  about -0 .6  m agnitudes. This la rg e  s c a t t e r  i s  due to  a 
number o f e f f e c ts  in c lu d in g  s t e l l a r  r o ta t io n ,  s t e l l a r  d u p l ic i ty ,  
in c ip ie n t  l in e  em ission and th e  tem pera tu re  dependence o f th e  Hf? index . 
In  an a p p lic a tio n  to  measurements f o r  a group o f f a i n t  0 and B type 
s t a r s ,  t h i s  s c a t t e r  i s  reduced in  the  mean and a d is ta n c e  e s tim a te  
a c c u ra te  to  ^0 .2  m agnitudes can be c o n f id e n tly  assigned  in  most c a se s .
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CHAPTER 4.
THE DISTANCES AND ACES OF SOME GROUPS OF EARLY TYPE 
STARS IN THE MILKY WAY.
1. Introduction.
While there is strong evidence that the very young OB 
type stars can be used to trace the optical spiral arms of the Galaxy, 
the actual mapping is very much restricted by the difficulty of obtaining 
reliable absolute magnitude and distance estimates for these stars. The 
main application of the observational material presented in Chapter 2 
of this study has been to the determination of distances for six 0 and 
B star concentrations in the Southern Milky Way using the Eß calibration 
described in the previous chapter. The H(? method is particularly suitable 
for this task since observations can be made of the apparently faint 
early type stars that are seen to the greatest distances.
In the following three sections, the detailed results are 
presented for each group. The second section of this chapter deals 
with the observation of two very rich OB star concentrations in Carina.
In the third section, a comparison is made between the distribution of 
the OB stars and the neutral hydrogen at the three galactic longitudes,
1^  = 245°, 312° and 328°. In the fourth section, the observations of
the I Scorpii association are discussed and a comparison made between 
this group and the young associations in the Large Magellanic Cloud.
A later section of this chapter illustrates how ß- (U-B) diagrams can
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be used an a lag o u sly  to  co lour-m agnitude p lo ts  to  d e te c t  d if fe re n c e s  in  
age w ith in  a young group of s t a r s .
2. The D is t r ib u t io n  o f  th e  0 and E arly  B Type S ta rs  in  C arin a .
A v e ry  rem arkable c o n c e n tra tio n  o f s t a r s  belonging  to  
extrem e p o p u la tio n  I  i s  found in  th e  c o n s te l la t io n  of G arina, Nowhere 
e ls e  in  th e  M ilky Way i s  th e re  such a g re a t number o f OB and Wolf- 
Rayet s t a r s ,  young g a la c t ic  c lu s te r s  and em ission  n e b u lo s i t ie s .  In  
a d d it io n , th e  s t r e n g th  o f  th e  21 cen tim etre  r a d ia t io n  in d ic a te s  abundant 
n e u t r a l  hydrogen in  t h i s  d i r e c t io n .  The whole C arina co n ce n tra tio n  i s ,  
w ith o u t doubt, one o f th e  most im portan t f e a tu re s  in  th e  lo c a l  s p i r a l  
s t r u c tu r e  o f th e  Galaxy.
Two f i e ld s  were s e le c te d  f o r  study in  th i s  p a r t  o f th e  sky.
o
One o f th e se  was c en tred  on th e  p C arinae neb u la , a t  lo n g itu d e  288 , 
w hile  th e  o th e r  was f u r th e r  to  the  e a s t  a t  lo n g itu d e  291°> n ear the  
v a r ia b le  s t a r  GL C arin ae . F igure  4.1 o u tl in e s  th e  f i e l d  and in d ic a te s  
th e  e x te n t o f th e  s tu d y . R ecent d e te rm in a tio n s  of th e  average d is ta n c e s  
f o r  e a r ly  type s t a r s  in  th e se  f i e ld s  a re  summarised in  Table 4 .1 .
Table 4 .1 .
D is tan ce  D eterm inations in  th e  C arina F ie ld s .
Yl C arinae GL C arinae Source
1250 p a rsec s Bok and van Wijk 
H o ff le i t  
Becker 
Faulkner
2470
1660
2500
1030 p a rsec s  
1870
Figure 4*1. Chart of the Carina Fields adapted from a 103a-0 
plate (blue filter) exposed by D. Sher for 20 minutes 
with the Mount Stromlo 5M, f/5.2 Zeiss Astrograph.
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A large fraction of this earlier work was done by the Harvard group.
Bok and van Wijk (1952) carried out a detailed two-colour photometric 
study of these stars using photoelectric techniques. Miss Hoffleit 
(1956) in her study of southern early type stars, paid particular 
attention to the fields investigated by Bok and van Wijk. For many 
of the early type stars in these fields, she obtained new magnitudes 
and colour indices, together with spectral classifications on the MK 
system.
Most of the disagreement between Miss Hoffleit’s distances 
and those of Bok and van Wijk in Table 4.1 can be explained by the 
fact that MK luminosity classifications were not available to Bok and 
van Wijk and, as a result, they tended to underestimate distances.
More recently, Becker (1961) derived a distance of 1700 parsecs 
for the clusters Trumpler 14 and 16 which are embedded in the core of 
the T) Carinae nebulosity. For stars in this same region, Faulkner (1963) 
has determined a larger distance of 2,500 parsecs from an analysis of 
three-colour photometry and spectral classifications.
In the present study, new magnitudes and colours on the U, B,
V system as well as HS indices have been measured for 35 stars near 
h Carinae and for 49 stars in the adjacent G-L Carinae field. The 
index is very sensitive to H^ line emission in or around the stellar 
image, and consequently, it was not possible to carry out observations 
in the core of the ri Carinae nebula. As an arbitrary restriction, a 
known OB star was not observed if any surrounding nebulosity could be 
detected on a ten minute visual plate of the area, taken by D. Sher
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w ith  the  20/26u U ppsala Schmidt te le sc o p e . The approxim ate a re a  in  
which o b se rv a tio n s  were n o t made i s  in d ic a te d  by th e  b lue c i r c l e  in  
F igu re  4 .1 .
S evera l source l i s t s  of OB s ta r s  were c o n su lte d . Most of the  
s t a r s  observed are found in  the  f i r s t  and second T c n a n tz in tla  l i s t s  
f o r  the  a re a , (Munch and Morgan; 1953), (Munch; 1954 b ) . R eference was 
a lso  made to the  papers pub lished  by H o f f le i t  (1956) and by Beer (1961 ) .  
The observ ing  l i s t  f o r  th e  GL C arinae f i e ld  was made up by B .J . Bok 
and J.M. B asinsk i from the  o b je c ts  c l a s s i f i e d  as B in  th e  Henry Draper 
C atalogue and E x tension . The s t a r s  f o r  which p re lim in a ry  U, B, V 
r e s u l t s  in d ic a te d  a s p e c tra l  type e a r l i e r  th an  B2 were g iven  p r io r i ty  
fo r  th e  measurement o f  in d ic e s .
The U, B, V photom etry fo r  th e se  s ta r s  was c a r r ie d  ou t jo in t ly  
by B .J . Bok, P .F . Bok and th e  au tho r w ith  th e  26" f / l 2  r e f l e c to r  on 
Mount B ingar. These unpublished  o b se rv a tio n s  a re  p re se n te d , to g e th e r  
w ith  th e  H0 m easurements, in  Table 2 .3  o f  C hapter 2. In  Table 4 .2 , 
a b so lu te  m agnitudes and d is ta n c e  moduli a re  c a lc u la te d  fo r  th e  
in d iv id u a l  s t a r s .  In  th is  t a b le ,  th e  s t a r s  a re  r e f e r r e d  to  by t h e i r  
HD o r HDE numbers. Columns 2 and 3 co n ta in  th e  v is u a l  m agnitude, V, 
and th e  co lo u r index , B-V, c o rre c te d  fo r  i n t e r s t e l l a r  ab so rp tio n  in  
th e  manner o u tlin e d  in  s e c t io n  4 o f  C hapter 3* Columns 5 and 6 co n ta in  
th e  h |> index and th e  de riv ed  a b so lu te  m agnitude. The l a t t e r  q u a n tity  i s  
read  d i r e c t ly  from the c a l ib r a t io n  ta b le ,  Table 3« 3* Column 7 g iv es  the 
computed d is ta n c e  modulus, V —M •
88
Table 4 . 2 .
a ) T) C arinae.
Star V0 (B- V)o
91572 7 .3 - 0 .28
91619 4 .7 - 0.15
91651 8.1 - 0.26
91837 7 .8 - 0.26
92207 4.1 +0 .04
92554 6 .9
92607 8 .0 - 0.26
92644 7 .2 - 0.29
92725 7 .3 - 0.26
92910 7 .9 - 0.26
92982 7.1 - 0.24
93028 7.5 - 0 .28
93827 8 .4 - 0.26
93843 6 .5 - 0 .32
93873 7 .0 - 0.19
93890 7 .4 - 0.29
93911 7 .0 - 0.24
94230 5 .8 - 0 .27
94345 8 .2 - 0 .25
94370 7.2 - 0 .17
94379 8 .5 - 0.24
94493 6 .5 - 0 .27
94663 8 .4 - 0.25
303197 7 .4 - 0 .2 7
303413 8 .3 - 0 .27
303474 8 .9 - 0 .24
303479 8 .7 - 0 .27
eb- v P My
+0.32 2 .5 7 - 5 .4
+0 .5 0 2 .53 - 7 .3
0 .24 2.59 - 4 .6
0 .23 2 .60 - 4 .3
0 .4 7 2 .54 - 6 .8
2 .57 - 5 .4
0 .26 2 .59 - 4 .6
0 .30 2 .58 - 5 .0
0 .33 2 .59 - 4 .6
0 .46 2 .60 - 4 .3
0 .49 2.62 - 5 .7
0 .24 2 .60 - 4 .3
0 .33 2 .59 - 4 .6
0 .26 2 .54 - 6 .8
0 .23 2.56 - 5 .8
0.41 2 .59 - 4 .6
0 .45 2 .5 7 - 5 .4
0 .66 2 .58 - 5 .0
0 .2 8 2 .63 - 3 .5
0 .24 2.56 - 5 .8
0.31 2 .62 - 3 .7
0 .2 8 2 .5 8 - 5 .0
0 .35 2 .6 0 - 4 .3
0 .64 2.59 - 4 .6
0 .5 0 2.62 - 3 .7
0 .32 2 .62 - 3 .7
0 .35 2.61 - 4 .0
V -M N otes
0  V
12.7
1 2 .0
12.7
12.1
10.9
12.3
12.6
12.2
11.9
12.2
1 0 .8
11.9  
13 .0
13.3
12.8
12 .0
12.4
1 0 .8
11.5
13 .0
12.2
11.5
12 .7
12.0
12.0
12.6
12 .7
89
S t a r V
0 ( B - v ) o e b- v f MV V -M0 V N o tes
303480 9 .2 - 0 .2 4 0 .3 3 2 .6 2 - 3 .7 1 2 .9
305556 7 .7 - 0 .2 6 0 .3 2 2 .6 2 - 3 .7 1 1 .4
305619 7 .4 - 0 .2 7 0 .6 7 2 .5 7 - 5 .4 1 2 . 8
305645 8 .9 - 0 .2 3 0 .5 5 2 .6 1 - 4 .0 1 2 .9
305714 8 .7 - 0 . 2 2 0 .3 6 2 .6 0 - 4 .3 1 3 .0
305773 8 .1 - 0 .2 4 0 .3 5 2 .6 1 - 4 .0 12 .1
305780 9 .5 - 0 .1 9 0 .1 9 2 .6 7 - 2 . 2 1 1 .7
Mean D is ta n c e M odulus 12 . 22
b ) GL C a r in a e .
96446 6 . 6 - 0 . 2 0 0 .01 2 .6 2 - 3 .7 1 0 .3
96670 6 .3 - 0 .3 0 0 . 3 8 2 .5 7 - 5 .5 1 1 . 8
96946 7 .0 - 0 .2 8 0 .4 8 2 .5 9 - 4 .6 1 1 . 6
97166 7 .0 - 0 . 2 6 0.31 2 .5 8 - 5 .0 1 2 . 0 NGC 3572
97206 8 . 6 - 0 .2 4 0 .3 4 2 .61 - 4 .0 1 2 . 6 NGC 3572
97222 7 .5 - 0 .2 6 0 .4 5 2 .5 9 - 4 .6 12 .1 NGC 3572
97253 6 . 0 - 0 .2 4 0 .3 9 2 . 5 6 - 6 . 0 1 2 . 0 NGC 3572
97284 7 .6 -0 .2 7 0 .4 0 2 .6 1 - 4 .0 1 1 . 6 T r . 18
97297 8 .5 - 0 .2 3 0 .3 4 2 .6 2 - 3 .7 1 2 . 2 NGC 3572
97319 7.1 - 0 .2 6 0 .4 6 2 .5 8 - 5 .0 12 .1
97399 7 .5 - 0 .2 6 0 .2 9 2 .61 - 4 .0 11 .5
97400 6 .9 - 0 .2 1 0 . 3 0 2 .6 0 - 4 .3 1 1 . 2
97434 6 .S - 0 .2 7 0 .41 2 .5 7 - 5 .5 1 2 .3 T r .  18
97581 7 .4 - 0 .2 4 0 .4 7 2 .6 0 - 4 .3 1 1 .7 T r .  18
97629 8 . 6 - 0 .2 1 0 .2 9 2 .6 3 - 3 .3 1 1 .9
97707 6 . 0 -0 .2 3 0 .6 0 2 . 5 8 - 5 .0 1 1 . 0
97948 8 .3 - 0 .1 1 0 .1 3 2 .8 3 + 0 . 6 7 .7 fo re g ro u n d
97965 9.1 -0 .0 5 0 .0 9 2 .7 0 - 1 .5 1 0 . 6 HD 97969 g ro u p
97969 7 .0 - 0 .2 3 0 .2 1 2 .6 3 - 3 .3 1 0 .3 HD 79769 g ro u p
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S ta r V0 (B-V)o eb- v P MV V -410  V Notes
98210 8 .0 -0 .2 4 0.26 2.60 -4 .3 12.3
306050 8 .8 -0 .2 0 0.28 2.63 -3 .3 12.1 NGC 3572
306053 8 .8 -0.21 0.49 2.59 -4 .6 13.4 NGC 3572
306054 9.6 -0 .2 2 0.38 2.66 -2 .5 12.1
306056 9 .0 -0 .2 5 0.33 2.58 -5 .0 14.0 NGC 3572
306058 8 .5 -0 .2 6 0.47 2.64 -3 .0 11.5
306080 8 .8 -0 .25 0.50 2.63 -3 .3 12.1 T r. 18
306086 8 .0 -0 .2 4 0.50 2.66 -2 .5 10.5
306096 7.9 -0 .26 0.45 2.62 -3 .7 11.6
306097 6.3 -0 .2 3 0.86 2.61 -4 .0 10.3
306099 7.4 -0 .2 7 0.44 2.59 -4 .6 12.0
306112 8.5 -0 .2 6 0.40 2.62 -3 .7 12.2
306165 8 .9 -0 .2 2 0.29 2.64 -3 .0 11.9
306171 8 .5 -0 .2 5 0.39 2.61 -4 .0 12.5
306179 9 .0 -0 .25 0.46 2.65 -2 .7 11.7 T r. 18
306180 8 .8 -0 .2 3 0.51 2.63 -3 .3 12.1 T r. 18
306187 8 .7 -0 .2 2 0.53 2.68 -1 .9 10.6
306196 8 .2 -0 .1 9 0.48 2.59 -4 .6 12.8
306262 10.7 -0 .1 0 0.19 2.70 -1 .5 12.2 HD 97969 group
306265 10.3 -0 .0 7 0.17 2.76 -0 .2 10.5 HD 97969 group
306266 10.3 -0.11 0.22 2.76 -0 .2 10.5 HD 97969 group
Mean D istance  Modulus 11.74
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F o r th e  s t a r s  n e a r  T) C a rin a e , a mean d is ta n c e  modulus o f  
12 .22  m agn itudes i s  d e r iv e d  from  th e  Hß and U, B, V d a ta .  The i n t e r n a l  
s ta n d a rd  e r r o r  o f  th e  mean i s  -0 .1 2  m agn itudes co rre sp o n d in g  to  a  
s ta n d a rd  d e v ia t io n  p e r  s t a r  o f  ^ 0 .6 4  m ag n itu d es . The s ta n d a rd  e r r o r s  
o f  th e  c a l i b r a t i o n  r e l a t i o n  and th e  in t e r s te l l a r *  a b s o rp tio n  c o r r e c t io n s
*4* -f*
a re  e s tim a te d  to  be - 0 .2  and -0 .1  m agn itudes r e s p e c t iv e ly ,  le a d in g  to  
an o v e r a l l  s ta n d a rd  e r r o r  o f  -0 .2 5  m ag n itu d es . The c o rre sp o n d in g  
mean d is ta n c e  f o r  th e  group i s  2 ,800  -300  p a r s e c s .  The agreem ent w ith  
th e  d is ta n c e s  d e term ined  by F au lk n e r (2 ,5 0 0  p a r s e c s )  and by H o f f le i t  
(2 ,5 0 0  p a r s e c s )  i s  good. The d is ta n c e  a lso  a g re e s  w e ll w ith  th e  d is ta n c e  
o f  2 ,600  p a rs e c s  t h a t  has been d e r iv e d  by F e a s t (1958) f o r  th e  n earby  
c l u s t e r  NGC 3295» T his c l u s t e r  i s  a lm ost c e r t a in l y  a s s o c ia te d  w ith  th e  
ri C a rin ae  complex o f  gas and s t a r s .
From th e s e  r e s u l t s ,  i t  i s  n o t p o s s ib le  to  conclude th a t  th e r e  
i s  any marked d i s t r i b u t i o n  i n  d ep th  i n  th e  p C arin ae  f i e l d  i t s e l f .  The 
r e s u l t s  a re  q u i te  c o n s i s te n t  w ith  a  model in  w hich a l l  s t a r s  a re  a t  
ap p ro x im a te ly  th e  same d is ta n c e  o f  2 ,800  p a r s e c s .  T here i s  no 
e v id en ce  h e re  f o r  any c o n c e n tra t io n  o f  0B s t a r s  a t  d is ta n c e s  g r e a te r  
th a n  3 ,500  p a r s e c s .  I t  sh o u ld  be remembered, how ever, t h a t  h ig h ly  
redd en ed  0B s t a r s  a t  such  d is ta n c e s  would be to o  f a i n t ,  i n  g e n e ra l ,  
f o r  in c lu s io n  in  th e  p u b lish e d  su rv e y s .
A second , v e ry  r i c h  c o n c e n tr a t io n  o f e a r ly  type  s t a r s  i s  in  
th e  d i r e c t i o n  o f  th e  GL C arin ae  f i e l d .  H ere, w i th in  a  squ are  d e g re e , 
th e r e  a re  th r e e  c a ta lo g u e d  g a l a c t i c  c l u s t e r s ,  NGC 3572, Trum pler 18 and
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NGC 3590. Im m ediate ly  to  th e  so u th  i s  a v e ry  compact c l u s t e r ,  NGC 3603, 
t h a t  i s  b e in g  s tu d ie d  by Sher (1963 ), w h ile  to  th e  n o r th ,  th e r e  i s  
th e  r e l a t i v e l y  n earb y  c l u s t e r ,  NGC 3532. NGC 3572 i s  a s s o c ia te d  w ith  
th e  H I I  r e g io n , c a ta lo g u e d  number 37 by Gum (1955)•
F o r th e  group as  a  w hole, a  mean d is ta n c e  m odulus o f  11.74 
i s  computed from T able 4 .2 .  The s ta n d a rd  d e v ia t io n  o f  th e  in d iv id u a l  
d is ta n c e  m oduli from  th e  mean v a lu e  i s  ^ 0 .8 4  m a g n itu d es . T here i s  some 
e v id en ce  i n  t h i s  f i e l d  f o r  c l u s t e r in g  o f  s t a r s  a t  d i f f e r e n t  d i s ta n c e s .  
T h is  can be b e s t  seen  in  th r e e  g roups s e le c te d  from  F ig u re  4 .1 .  Each 
group c o n ta in s  a l l  th e  s t a r s  l e s s  th a n  10’ a rc  from  th e  c e n t r e s  o f  th e  
c l u s t e r s  NGC 3572 and T rum pler 18 and from  th e  s t a r  HD 97969. A 
com parison  i s  made in  T able 4.3«
T ab le  4.3»
D is ta n c e s  o f  Groups i n  th e  GL C arin ae  F ie ld .
Group NGC 3572
Number o f  s t a r s  8
Mean D is ta n c e  
M odulus
S ta n d a rd  E rro r  
o f  Mean
Mean K eddening 
D is ta n c e
12.6 mag
0 .3  mag
T rum pler 18 
6
11.9 mag 
0 .2  mag
0 .3 7  mag 0 .4 7  mag
3,300  p a rs e c s  2 ,300  p a rs e c s
HD 97969 
5
10.5 mag
0 .3  mag
0 .1 8  mag 
1 ,400  p a rs e c s
A lthough th e  sam ples a re  sm a ll,  th e  a p p l i c a t io n  o f  
s t a t i s t i c a l  t e s t s  to  th e  th r e e  s e t s  o f  d a ta  in d i c a te  t h a t  th e  d i f f e r e n c e s  
betw een th e  group d is ta n c e  m oduli a re  r e a l  to  a t  l e a s t  a  90fo co n fid e n c e
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level* The Hß distance of 2,300 parsecs, derived for the cluster 
Trumpler 18, agrees very well with the determination by Fernie (1963) 
of 2,300 -400 parsecs.
Direct photographs show that the obscuration in this 
direction is very irregular. This can also be seen from the photometric 
data in Table 4.2. The colour excesses are small for the HD 97969 
group, averaging only about 0.18 magnitudes in B-V. Larger excesses 
are found in other parts of the field, particularly in the region of 
Trumpler 18 where values of 0.5 magnitudes are common. Further to the 
south, Sher has noted colour excesses greater than a magnitude in the 
vicinity of NGG 3605.
Judging from the evidence presented in this section, the 0 
and early B stars in Carina are distributed in distance from 1,000 to
3.500 parsecs. There is a major concentration at a distance of about
2.500 parsecs and definite indications of less dense groupings at 
1,400 parsecs and 3>300 parsecs. Since the study v/as limited by the 
available star surveys to stars brighter than magnitude 10.5, little 
information could be expected about stars beyond 4,000 parsecs. This 
conclusion supports the evidence from the distribution of the Wolf-Rayet 
stars (Roberts; 1962) and of the Gepheid variables (Kraft and Schmidt; 
1963) that, in this direction, we are looking along a population I 
concentration for a considerable distance. When deeper surveys of 
early type stars become available, it should be possible to obtain 
information with the Hß technique about the distribution of the OB stars
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o u t to  d is ta n c e s  o f  th e  o rd e r  o f  6 ,000  p a rs e c s  in  t h i s  p a r t  o f th e  
M ilky  Way.
3* S tu d ie s  o f  Groups o f  OB S ta r s  i n  P u p p is , C en tau rus and Norma.
The i n t e r p r e t a t i o n  o f th e  21 c e n t im e tre  p r o f i l e s  in  
r a d io  astronom y r e l i e s  v e ry  much upon a  g a l a c t i c  v e lo c i ty  model d e r iv e d  
from  o p t i c a l  o b s e rv a t io n s .  On t h i s  a cc o u n t, i t  i s  im p o rtan t to  
e s t a b l i s h  th e  d is ta n c e s  to  rem ote s t e l l a r  groups t h a t  a re  a s s o c ia te d  
w ith  th e  n e u t r a l  hydrogen  g a s . Im provem ents can th a n  be made to  th e  
ad o p ted  v e l o c i ty  m odels when th e s e  d is ta n c e s  a re  supplem ented by r a d i a l  
v e l o c i ty  m easurem ents. The Hß method i s  p a r t i c u l a r l y  s u i te d  to  t h i s  
a p p l ic a t io n  and, as  an i l l u s t r a t i o n ,  i t  i s  a p p lie d  in  t h i s  s e c t io n  to  
th r e e  d i s t a n t  g roups t h a t  a re  each  r e l a t e d  to  th e  d i s t r i b u t i o n  o f 
n e u t r a l  hydrogen  i n  th e  G alaxy.
In  th e  r e g io n  o f  new g a l a c t i c  lo n g itu d e  245°, two a s s o c ia t io n s ,  
r i c h  i n  OB s t a r s ,  have been r e p o r te d .  These g ro u p s , l i s t e d  by 
H a rk a r ia n  a s  I  and I I  P upp is  (s e e  Schm idt; 1957) were e s tim a te d  to  be 
a t  d is ta n c e s  o f  4 ,200  and 2 ,000  p a rs e c s  r e s p e c t iv e ly .  A d is ta n c e  
g r e a t e r  th a n  4 ,0 0 0  p a rs e c s  f o r  th e  I  P upp is  a s s o c ia t io n  i s  o f 
c o n s id e ra b le  s ig n i f i c a n c e .  At lo n g itu d e  245°, t h i s  d is ta n c e  p la c e s  
th e  group a t  l e a s t  2 ,000  p a rs e c s  f u r t h e r  from  th e  g a l a c t i c  c e n tre  th a n  
th e  sun . An a c c u ra te  Hp d is ta n c e  f o r  th e  g roup , supplem ented by ra d io  
and o p t i c a l  v e l o c i ty  o b s e rv a t io n s ,  co u ld  th e r e f o r e  be p a r t i c u l a r l y  u s e f u l  
i n  an in v e s t i g a t io n  o f  th e  m o tions in  th e  o u tly in g  p a r t s  o f th e  G alaxy.
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The T o n a n tz in t la  l i s t s ,  (No. 1s Munch; 1951) (No. 2: Munch; 1954a),
show la rg e  numbers o f  OB s t a r s  i n  t h i s  p a r t  o f th e  sky . A prom inent
c o n c e n tra t io n  i s  found a t  I , . ,  = 245°» b„ . = -1 ° .  Ten OB s t a r s  in  t h i s
11 7 11
d i r e c t i o n  w ere s e le c te d  by th e  a u th o r  f o r  a j o i n t  p h o to m e tric  and 
s p e c tro s c o p ic  s tu d y . B .J . Bok and P .F . Bok o b ta in e d  U, B, V m agnitudes
and c o lo u r  in d ic e s  f o r  th e s e  s t a r s  u s in g  p r in c i p a l l y  th e  26" r e f l e c t o r  
a t  Mount B in g a r. O b se rv a tio n s  o f  th e  HjS in d ic e s  were made a t  Mount 
S trom lo  by th e  a u th o r  and r a d i a l  v e l o c i t i e s  were m easured by B .J . Bok, 
H. Gollnow and M. Mowat from  p la te s  ta k e n  w ith  th e  S trom lo n e b u la r  
sp e c tro g ra p h  on th e  74M te le s c o p e .  Two o f  th e  s t a r s  have anomalous 
Hp in d ic e s  and a re  a lm ost c e r t a in l y  e m issio n  l i n e  s t a r s .  A t h i r d  s t a r ,  
i s  a p p a re n tly  a  fo reg ro u n d  s t a r  from  b o th  U, B, V and Hp pho tom etry . 
T ab le  4 .4 ,  a rran g ed  s im i la r ly  to  T ab le  4 .2  c o n ta in s  a b s o lu te  m agnitudes
and d is ta n c e s  d e riv e d  from th e  d a ta  in  T ab le  2.3*
T able 4 . 4.
I P u p p i s .
S ta r V
0
(B-V)o EB-V f MV V -M0  V N otes.
CD 4985 8 .7 -0 .2 7 0 .52 2 .59 -4 .6 13*3
T ( 2 ) :  24 10.3 -0 .2 2 0 .46 2 .63 -3 .3 13.6
CMCM 9 .0 -0 .2 4 0 .66 2 .57 -5*5 14.5
CD 5136 10.5 -0 .0 3 0 .0 4 2 .82 +0.5 10.0 fo reg ro u n d
T ( l ) :  99 9 .0 -0 .2 3 0 .55 2.51 em issio n
T (2 ) : 27 8 .7 -0 .2 7 0 .4 3 2.61 - 4 .0 12 .7
T(1 ) :1 0 0 8 .7 -0 .2 7 0 .43 2 .6 0 - 4 .3 13 .0
T (2 )s  31 8 .8 -0 .2 6 0 .4 3 2 .5 7 -5 .5 14.3
CD 5218 9 .4 -0 .2 8 0.61 2 .58 - 5 .0 14 .4
Mean D is ta n c e  Modulus 13*69
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The s t a r s  a re  id e n t i f i e d  by t h e i r  C.D. numbers o r , where th i s  
i s  no t p o s s ib le , by t h e i r  numbers in  the  two T o n a n tz in tla  l i s t s .  The 
7 s t a r s  have a  mean d is ta n c e  modulus o f 13.69 m agnitudes w ith  a s tan d a rd  
e r r o r  e s tim ated  to  be ^0 .3  m agnitudes. These va lu es  correspond to  a 
d is ta n c e  fo r  th e  group o f 5>400 ^800 p a rs e c s . The Hp d is ta n c e  th e re fo re ,  
i s  somewhat g re a te r  th an  M ark arian 's  d e te rm in a tio n . I t  i s  in t e r e s t in g  
to  n o te  th a t  th e  in te rv e n in g  a b so rp tio n  amounts to  only about i j  m agnitudes, 
a  v a lu e  q u ite  sm all f o r  such a d is ta n c e .
The r a d ia l  v e lo c i ty  m easurem ents, a lthough  only  p re lim in a ry , 
a re  c o n s is te n t  w ith  the  la rg e  Hj3 d is ta n c e . Ten s p e c tra ,  tak en  o f 7 o f 
th e  programme s t a r s ,  in d ic a te  a  mean r a d ia l  v e lo c i ty  fo r  th e  group o f  
+77 km /sec. This average becomes +59 km/sec a f t e r  a  c o r re c t io n  f o r  th e  
lo c a l  s o la r  m otion i s  a p p lie d . R eference to  th e  g a la c t ic  v e lo c i ty  model 
o f K err (1962) shows th a t ,  a t  a d is ta n c e  of 5,400 p a rse c s , th e  expected  
v e lo c i ty  o f th e  i n t e r s t e l l a r  gas i s  +65 km /sec. The v e lo c i ty  expected 
by th e  Leiden model i s  +75 km /sec. Keeping in  mind th e  f a c t  th a t  th e  
in d iv id u a l  random m otions o f s t e l l a r  a s s o c ia tio n s  w ith  re s p e c t to  the  
i n t e r s t e l l a r  gas a re  g e n e ra lly  o f th e  o rd e r o f 10 km /sec, i t  can be 
seen  th a t  th e  g en era l agreem ent i s  good. A 21 cm study o f  th e  
d i s t r ib u t io n  o f th e  n e u tr a l  hydrogen in  t h i s  re g io n  was made by Davis 
(1959). He used a 60 f t .  p a rab o lo id  r e f l e c to r  w ith  a  beam w id th  o f 0.7°* 
Evidence was found fo r  a c o n sid e ra b le  c o n c e n tra tio n  of n e u tr a l  hydrogen 
in  th e  Puppis reg io n  w ith in  th e  v e lo c i ty  range +50 to  +100 km /sec. In  
th e  p re c is e  d i r e c t io n  of th e  OB c o n c e n tra tio n  s tu d ied  h e re , K err has
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measured the profile of the 21 cm line with the CSIRO 210 ft. radio 
telescope (beamwidth 0.2°). This profile, reproduced by Bok (1963 a) 
confirms the result of Davis. It seems very likely that part of this 
high velocity neutral hydrogen concentration is connected with the 
I Puppis association.
It must be emphasised that the present results are based on 
only a small fraction of the known OB stars in this direction. Further 
observations in this part of the sky, with both optical and radio 
techniques will certainly lead to useful information about the 
relationship between the stars and the interstellar gas in the outlying 
parts of the Galaxy.
The concentration of neutral hydrogen within the inner 
spiral arms of the Galaxy is seen most clearly when we look along an 
arm segment for a considerable distance. Analysis of the 21 cm line 
profiles (Kerr; 1962) and of the radio continuum radiation (Mills; 1959), 
(Mathewson, Healey and Rome; 1962) indicates that there are at least 
three directions, at longitudes 312°, 328° and 340° where we may be 
looking along an inner spiral arm tangentally. It would be very 
desirable to confirm this interpretation of the radio data with optical 
observations. Special attention, therefore, has been paid to two of 
the regions, those at longitudes 312° and 328° in the application of 
photometry to the Milky Way.
The distribution of the OB stars at longitude 312° is 
particularly interesting because of the different interpretations of
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the 21 cm observations which arise from the use of different velocity 
models. On the basis of Kerr's expanding velocity model, a strong 
concentration of neutral hydrogen is expected to stretch along an 
a m  to a distance of about 6,000 parsecs in this direction. On the 
other hand, the Leiden model indicates a concentration of neutral 
hydrogen only as far as 2,500 parsecs. It may be possible to choose 
between these two interpretations with the help of optical observations. 
Since groups of young stars are generally associated with abundant 
neutral hydrogen gas, Kerr's model would be favoured if the 0B star 
concentrations in this direction were found to be at distances greater 
than 3,000 parsecs.
In view of the prominence of the radio features, it is 
surprising that the region appears relatively undistinguished to the 
optical astronomer. There are a few small H II regions but no strong 
concentration of early type stars. In an unpublished OB star survey, 
Rodgers and Whiteoak discovered a loose grouping of OB stars at 
longitude 312°. Magnitudes and colours for these stars were measured 
by B.J. Bok, P.F. Bok and R. van der Borght (unpublished). These have 
been supplemented by H|3 indices so that distance estimates can now be 
made.
Tables 2.3 and 4.5 contain the observational data and the 
computed absolute magnitudes and distance moduli. Indentifications 
for the stars have been made from the C.P.D. Catalogue.
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Table 4.5«
p Centauri Field.
Star V0 (s-v)0 eb-v f MV V -M0 V Notes
CPD -60° 5248 8.1 -0.26 0.50 2.64 -3.0 11.1
5258 8.7 -0.09 0.31 2.80 +0.3 8.4 foreground
5263 7.7 -0.27 0.60 2.62 -3.7 11.4
5273 7.6 -0.23 0.49 2.61 -4.0 11.6
5276 7.0 -0.29 0.66 2.62 -3.7 10.7
5283 7.8 -0.24 0.71 2.53 -7.3 emission?
5298 6.3 -0.27 0.54 2.60 -4.3 10.6
5300 5.8 -0.31 0.82 2.57 -5.5 11.3
-61 4427 7.6 -0.22 0.61 2.63 -3.3 10.9
4429 8.3 -0.22 0.57 2.65 -2.7 11.0
4441 8.9 -0.26 0.59 2.62 -3.7 12.6
Mean Distance Modulus 11.24
Star -60° 5283 is probably an emission line star, judging
from its Hj3 index while both the U, B, V and photometry indicate
that the star -60° 5258 is a late B type foreground star. Dor the 
remaining 9 stars, the mean Hp distance modulus is 11.24 magnitudes 
with an estimated mean error of ^0.3 magnitudes. This corresponds to 
a mean distance of 1800 -300 parsecs for the group. The interstellar 
absorption averages 1.8 magnitudes for these stars. It is not possible, 
therefore, to distinguish between the two interpretations of the 21 cm 
observations with the 0B star data now available. It is possible that 
more distant OB stars were not detected in the Rodgers-Whiteoak survey
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because of heavy interstellar absorption beyond 2,000 parsecs in this 
direction. A deeper OB star survey, reaching to 14th magnitude would 
probably be sufficient to enable the Hß and U, B, V technique to be 
used to investigate thoroughly the distribution of the 0B stars to 
distances of the order of 4,000 parsecs in this direction.
Recent evidence from both optical and radio observations has 
emphasised the importance of the region of the Milky Way near 
galactic longitude 328°• It has already been noted that both 21 cm 
and radio continuum observations suggest that we may be looking along 
a spiral arm tangentally in this direction. Thackeray (1958) found a 
doubling of the interstellar K line in the spectra of some distant B 
type stars in this part of the sky. He suggested that this might be 
explained if these stars lay in an inner spiral arm which he called 
the Scutum-Noma arm. In a joint study of faint B stars with Feast,
Stoy and Wesselink (1961), he found evidence for an appreciable 
concentration of distant B stars in this part of the sky. Whiteoak, 
in his thesis (1962)9 also drew attention to a visual grouping of early 
type stars at longitude 327°. These were found by Rodgers and himself 
in their unpublished OB star survey. Because of their faint apparent 
magnitudes, most of these stars are difficult to observe spectroscopically 
at a dispersion adequate for luminosity classification. The HjS method, 
therefore, is particularly suitable for this application.
All known OB stars within approximately one degree of the
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p o s i t io n ,  1 = 327°, = 0 °  were in c luded  on th e  observ ing  l i s t .
The sources used were th e  two T o n a n tz in tla  l i s t s  of OB s ta r s  in  t h i s  
a re a  (Gonzalez and Gonzalez; 1954, 1955) and th e  unpublished  survey of 
Rodgers and W hiteoak. P o s it io n s  were measured f o r  th e  s t a r s  and 
id e n t i f i c a t io n s  made from the C.P.D.
For the  17 s ta r s  on th e  observ ing  l i s t ,  th re e -c o lo u r  U, B, V 
measurements were ag a in  made by B .J . Bok and P .F . Bok a t  Mount B ingar. 
For 16 o f th e se , h |> in d ic e s  were measured by the  au th o r a t  Mount S trom lo. 
The o b serv a tio n s  a re  l i s t e d  in  Table 2 .3  w hile in  Table 4 .6 , the 
computed ab so lu te  m agnitudes and d is ta n c e  m oduli a re  found. The s t a r s
a re  id e n t i f i e d  by th e i r
Norma F ie ld .
S ta r V0
CPD -52°8710 9 .0
-51 8370 8 .3
-51 8467 6.9
-51 8480 7.9
-51 8530 8 .3
-52 8796 7 .8
-53 6710 7.4
-53 6706 8 .2
-54 6706 7.9
-53 6768 6.6
-53 6850 8.6
-53 6845 5.4
. P . D. numbers.
Table 4 .6 .
(B-V)0* eb- v f
-0 .1 6 0.44 2.71
-0 .1 2 0.18 2.69
-0 .1 2 0.10 2.72
-0 .1 4 0.09 2.68
-0 .17 0.58 2.63
-0 .10 0.11 2.73
-0 .27 0.95 2.60
-0 .2 4 0.88
-0 .25 0.89 2.60
-0 .2 5 0.84 2.58
-0 .2 4 0.75 2.62
-0 .2 4 0.82 2.55
M V -M Notes
V o v
-1 .2 10.2
-1 .7 10.0
-1 .0 7 .9
-1 .9 9 .8
-3 .3 11 .6
-0 .8 8 .6
-4 .3 11.7
-4 .3 12.2
-5 .0 11.6
-3 .7 12.3
-6 .5 11.9
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Star V0 (E-V)o eb-v P MV V -M Notes0 V
CPD -54°6849 6.9 -0.26 0.68 2.58 -5.0 11.9
-54 6846 8.3 -0.26 0.66 2.60 -4.3 12.6
-54 6807 7.9 -0.25 0.66 2.61 -4.0 11.9
-54 6788 7.7 -0.26 0.61 2.59 -4.6 12.3
-54 6802 7.9 -0.18 0.75 2.44 emission
Mean Distance Modulus 12*00 
The U, B, V colour excesses alone divide the stars up into
two groups with high and low colour excesses. Of the 11 stars with 
EB-V^ maSni‘tU(ies> 10 have intrinsic colours that correspond to 
spectral types 0 and early B. All stars with ^ 0.5 magnitudes 
have intrinsic colours corresponding to spectral types later than B5*
Prom the and U, B, V photometry, the mean distance modulus of the 
less reddened group is found to be 9.3 magnitudes with a standard 
deviation of 0.90 magnitudes per star. This corresponds to an average 
distance of 720 parsecs but because of the high dispersion of the 
individual distance moduli, it is unlikely that the members of this 
group are physically associated.
The mean distance modulus of the highly reddened group which
is centred on 1 . = 328°, b . = -1° is found to be 12.00 magnitudes. The 
11 11
standard deviation per star is only 0.34 magnitudes and it is very 
probable that these stars form a physical association. Uncertainties in 
the absorption correction (^0.2 magnitudes) and in the calibration 
relation (^0.2 magnitudes) are almost entirely responsible for the
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s ta n d a rd  e r r o r  o f  th e  mean modulus w hich i s  e s tim a te d  to  be - 0 .3  
m a g n itu d es . The co rre sp o n d in g  d is ta n c e  f o r  th e  group i s  2 ,500  
-300  p a r s e c s .
Pour o f  th e  h ig h ly  reddened  s t a r s  have been o b serv ed  by 
P e a s t ,  S to y , T hackeray  and W esselink  (1957, 1961, 1963). R a d ia l  
v e l o c i t i e s  were m easured and th e  s p e c t r a  c l a s s i f i e d  on th e  MK system . 
U sing th e  a b s o lu te  m agnitude c a l i b r a t i o n  o f  Johnson and I r i a r t e  (1958) 
d is ta n c e  m odu li can  be computed in d e p e n d e n tly  o f th e  Hp d a ta  f o r  th e se  
s t a r s .  The r e s u l t s  a re  compared in  T ab le  4 .7 .
T ab le  4 .7 .
R a d c l if f e  S p e c tro sc o p ic  O b se rv a tio n s .
S ta r
o
V0 Sp. M _v  Sp V -M _ o v Sp R a d ia l  V e lo c i ty  km /sec
CPD -53  6845 5 .4 BO. 5 I -6 .3 11 .7 -4 0
-5 4  6849 6 .9 BO I -6 .3 13.2 -25
-54  6846 8 .3 BO I I I - 5 .4 13 .7 -3 9
-54  6807 7 .8 B 0 .5 IH -4 .9 1-2.7 -2 9
Mean 12 .8  -3 3
The mean d is ta n c e  m odulus, 12 .8  m a g n itu d es , d e r iv e d  from th e  s p e c t r a l  
c l a s s i f i c a t i o n ,  i s  l a r g e r  th a n  th e  Hp d e te rm in a tio n . More s p e c t r a  a re  
needed to  e s t a b l i s h  w hether o r  n o t t h i s  d i f f e r e n c e  i s  s i g n i f i c a n t .
The c o n s is te n c y  o f  o u r Hp d is ta n c e  d e te rm in a tio n  w ith  th e  
c u r r e n t  g a l a c t i c  v e lo c i ty  m odels , can  be checked from  th e  a v a i la b le  
r a d i a l  v e l o c i ty  d a ta .  The mean o f  th e  fo u r  r a d i a l  v e l o c i t i e s  l i s t e d  i n  
T ab le  4 .7  i s  -33  km /sec . B oth th e  v e l o c i ty  m odels d is c u s s e d  by K err (1962)
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expect th e  v e lo c i ty  o f th e  i n t e r s t e l l a r  gas a t  t h i s  d is ta n ce  to  be
about -40 km /sec. Allowing f o r  the  f a c t  th a t  the  in d iv id u a l random
v e lo c i t i e s  o f s t e l l a r  a s s o c ia t io n s  a re  g e n e ra lly  about 10 km /sec, w ith
re s p e c t to  t h i s  frame o f re fe re n c e , i t  can be seen th a t  th e  agreement
i s  as good as can be expec ted .
Thackeray (1953) observed double i n t e r s t e l l a r  l in e s  in  two
o oo f  th e  programme s t a r s ,  C .P.D. numbers -53 6845 and -54 6849* He 
in te r p r e te d  t h i s  doub ling  as being caused by ab so rp tio n  in  two i n t e r ­
ven ing  s p i r a l  arms and th u s  p laced  th e  s t a r s  in  th e  Scutum-Norma arm.
T his i n t e r p r e ta t io n  i s  n o t supported  by th e  p re se n t o b se rv a tio n s . The 
Hp* d is ta n c e  o f 2,500 p a rsec s  i s  c e r ta in ly  n o t g re a t enough to  p lace  th e  
group in  t h i s  d i s ta n t  arm and i s  more c o n s is te n t  w ith  membership of 
th e  S a g i t ta r iu s  a m .
R ecen tly , Thackeray, W esselink and Harding (1962) made a 
s tudy  o f th e  g a la c t ic  c lu s t e r  NGC 6067 a t  1 ^  = 330°, b 1 = -2 ° .
Using bo th  sp ec tro sc o p ic  and pho tom etric  m ethods, th ey  found a d is ta n c e  
o f  2,100 p a rsec s  f o r  th e  c lu s t e r  and a mean r a d i a l  v e lo c i ty  o f -43 krn/sec. 
The s im i la r i ty  o f th e se  r e s u l t s  to  th o se  ob ta in ed  f o r  our group of 
h e a v ily  reddened 0B s t a r s ,  on ly  a  few degrees away, makes i t  seem l ik e ly  
th a t  th e  two s t e l l a r  g roups a re  r e la te d .
4 . The I  S c o rp ii  A sso c ia tio n .
The I  S c o rp ii  a s s o c ia t io n ,  w ith  th e  b r i l l i a n t  c lu s t e r  NGC 6231 
as i t s  n u c leu s , i s  one o f th e  most s t r ik in g  co n ce n tra tio n s  of OB
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su p e rg ian t s t a r s  in  th e  M ilky Way. Recent e s tim a te s  of i t s  d is ta n c e
a re  no t in  good agreem ent. They range from 1,400 p a rse c s , acco rd ing
to  Morgan (1954), to  H ouck's d e te rm in a tio n  (1956) o f 2,500 p a rs e c s .
o oThe a s s o c ia t io n  i s  spread over a re g io n  1 by 2 and has 
i t s  g r e a te s t  e lo n g a tio n  alm ost in  th e  g a la c t ic  p lane  w ith  th e  c lu s t e r  
NGO 6231 s i tu a te d  n e a r  i t s  sou thern  edge. The unusual H I I  re g io n  
su rround ing  th e  a s s o c ia t io n  has been noted  by Bok, B este r and Wade 
C1955)• I t  c o n s is ts  o f  an alm ost com plete r in g ,  about 4° by 5° in  
e x te n t , c en tred  on th e  c lu s t e r  NGC 6231« The em ission  i s  weak in s id e  
th e  r in g  but i s  v e ry  s tro n g  where th e  r in g  i s  c ro ssed  by th e  n o r th e rn  
ex trem ity  o f  th e  a s s o c ia t io n .
The observ ing  l i s t  f o r  t h i s  s tudy  c o n s is te d  o f 39 s t a r s ,  in  
and around th e  c lu s t e r ,  s e le c te d  m ainly from th e  Henry D raper E x ten sio n  
C h arts . P re fe re n c e  was g iven  to  s ta r s  c l a s s i f i e d  as types 0, B1 o r  B2. 
Also in c lu d ed  on th e  l i s t  were a number o f f a i n t  s t a r s  in  th e  c lu s t e r  
i t s e l f ,  no t in c lu d ed  in  th e  H.D.E. The o b se rv a tio n s  are  p re sen te d  in  
Table 2.3« The U, B, V m agnitudes and co lo u r in d ic e s  were measured 
jo in t ly  by B .J . Bok, P .P . Bok and th a  au th o r w ith  th e  26" r e f l e c t o r  
a t  Mount B ingar, w h ile  th e  Hj3 in d ic e s  were m easured w ith  th e  50" and 
30" te le sc o p e s  a t  Mount S trom lo. In  Table 4 .8 , c o r re c t io n s  f o r  
i n t e r s t e l l a r  a b so rp tio n  have been made to  th e  observed m agnitudes and 
co lo u rs  and used to  d e riv e  d is ta n c e  m oduli from th e  IIjj ab so lu te  
m agnitudes. The s t a r s  a re  id e n t i f i e d  in  th e  ta b le  by t h e i r  HD o r HDE 
numbers except f o r  some s t a r s  in  th e  c lu s te r  i t s e l f .  These a re  id e n t i f i e d
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T ab le  4 .8 .
I  S c o r p i i .
S ta r V0 (B-V)o eb- v f My V -M 0 0 N otes
HD(e ) 151515 5 .8 -0 .2 7 0 .4 4 2 .59 -4 .6 10.4
151564 7 .8 -0 .2 6 0 .3 8 2 .59 -4 .6 12.4
151804 4 .2 -0 .2 5 0 .33 2.51 e e m iss io n
151805 7 .6 -0 .2 6 0 .42 2.61 - 4 .0 11.6
152003 5.1 -0 .2 4 0 .6 4 2.56 - 6 .0 11.1
152042 7 .0 -0 .2 6 0 .39 2 .6 0 - 4 .3 11.3
152060 8 .8 -0 .2 4 0 .3 4 2 .32 e e m iss io n
152076 6 .9 -0 .2 7 0 .53 2 .59 -4 .6 11.5
152147 5 .2 -0 .2 7 0.71 2 .5 7 -5 .5 10 .7
152198 8.1 -0 .2 5 0 .35 2 .64 - 3 .0 11.1
326167 8 .8 -0 .2 2 0 .43 2 .65 - 2 .7 11.5
326176 6.1 -0 .2 7 1.01 2 .5 8 - 5 .0 11.1
326343 8 .5 -0 .2 3 0.71 2 .62 - 3 .7 12.2
326351 7 .7 -0 .1 8 0 .8 0 2.71 - 1 .2 8 .9 fo re g ro u n d
326364 7 .7 -0 .2 7 0 .63 2 .63 - 3 .3 11 .0
NGG 6231.
152200 7 .2 -0 .2 7 0.41 2 .5 8 - 5 .0 12.2
152219 6 .4 -0 .2 7 0 .45 2 .59 -4 .6 11 .0
152234 4 .2 -0 .2 2 0 .43 2 .56 - 6 .0 10.2
152248 4 .8 -0 .2 9 0 .4 3 2 .53 - 7 .3 12.1
152249 5.1 -0 .2 7 0 .4 7 2 .53 -7 .3 12.4
152314 6 .5 -0 .2 7 0 .45 2 .5 8 - 5 .0 11.5
326329 7 .5 -0 .2 8 0 .46 2 .59 -4 .6 12.1
326330 7 .9 -0 .2 7 0 .4 7 2.61 - 4 .0 11.9
1 8 .2 -0 .2 4 0 .3 8 2 .64 - 3 .0 11.2
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S ta r V0 ( s - v ) 0 e b- v f MV V -M Notes0 V
2 8 .3 -0 .2 5 0.37 2. 63 -3 .3 11.6
3 8 .4 -0 .2 4 0.37 2.63 -3 .3 11.7
4 8 .3 -0 .25 0.36 2.64 -3 .0 11.3
5 8 .4 -0 .25 0.37 2.67 - 2 .2 10 .6
7 9.1 - 0 .2 2 0.41 2.67 - 2 .2 11.3
9 7.9 -0 .2 7 0.47 2.62 -3 .7 11 .6
13 9.6 - 0.21 0.44 2.67 - 2 . 2 11.8
14 9 .3 - 0.21 0.45 2.67 - 2 .2 11.5
Mean D istance  Modulus 11.44
i n  the  c h a r t , F ig u re  4. 2. From Table 4 .8 , th e  mean d is ta n c e modulus i s
11.44 m agnitudes w ith  an e stim ated  s tan d a rd  e r ro r  of ^0 .3  m agnitudes.
T his corresponds to  a  d is ta n c e  of 1900 ^300 p a rs e c s . The Hj? d is ta n c e  
i s  in te rm e d ia te , th e re fo re ,  between the  d is ta n c e s  determ ined by Houck 
and by Morgan.
I t  i s  in s t r u c t iv e  to  no te  th e  g e n e ra l s im i la r i ty  between th e  
I  S c o rp ii group and th e  young a s s o c ia tio n s  in  th e  Large M agellan ic Cloud. 
At a d is ta n c e  o f 55,000 p a rse c s , th e  I  S c o rp ii  a s s o c ia t io n  would have 
an an g u lar d iam eter of approx im ately  4 1 by 21 a r c .  The c lu s t e r  nuc leus 
would appear only  10” arc  a c ro ss . The b r ig h te s t  s t a r  in  the  a s s o c ia t io n , 
$  S c o rp ii  would have an apparen t m agnitude o f about 10.5 w hile th e re  
would be s e v e ra l  s t a r s  in  the group b r ig h te r  than  ap p aren t m agnitude 12.5« 
The H I I  r in g  would have a d iam eter of about 8 ’ a r c .  These g e n e ra l 
s p e c i f ic a t io n s  can be ap p lied  to  many o f  th e  young a s s o c ia tio n s  in  th e  
Large M agellanic Cloud. This becomes ap p aren t a t  once when re fe re n c e
Figure 4.2. Identification Chart for NGC 6231 adapted from a 
5 minute 103a-0 plate (filter GO 13) taken by R*H. 
Shobbrook with the 74M telescope*
• 
•
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is made to the photographs and colour-magnitude diagrams published for 
a number of groups by Westerlund (l96l), and by Bok, Bok and Basinski 
(1962).
Bok (1963 b) has made a study of the relative contribution of 
stars and gas to the mass of the association NGC 1929-37 in the Large 
Magellanic Cloud. He used data obtained from both optical and radio 
observations to make his estimate. With the high resolution now 
available with the 210 ft. CSIRO radio telescope, it should now be 
possible to make a similar comparison for a galactic association by 
isolating the neutral hydrogen contributing to the mass of I Scorpii.
5* The Absolute Magnitudes of Some Galactic Wo If-Ray et Stars»
The H$ distances that have been derived in the previous 
sections can be used to estimate the average absolute magnitude of the 
Wolf-Rayet stars in the associations that have been studied.
Absolute magnitudes are estimated for 7 Wolf-Rayet stars in 
this way. Attention is only given to stars for which association 
membership is reasonably certain. 4 of the stars are within the bright 
core of the T) Carinae nebula and two within the bounds of the I Scorpii 
association. The 7th star included in this estimate is Velorum.
Its absolute magnitude is estimated from the II^  and U, B, V photometry 
of the close companion star Y^  Velorum. The apparent visual magnitudes 
of the Wolf-Rayet stars are taken from various sources and the corrections 
for interstellar absorption are estimated from the U, B, V photometry of
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the surrounding B stars. Because of the irregular distribution of the 
obscuring matter in these fields, these corrections to the apparent 
magnitudes are only approximate and are likely to be in error by as 
much as 0.5 magnitudes. For example, the star HD 95162 is on the 
edge of a prominent obscuring lane and is likely to need a far greater 
absorption correction than the value used. The results are summarised 
in Table 4.9.
Table 4.9»
The Absolute Magnitudes of Some Wolf-Rayet Stars.
Star V A V V -M M NotesV 0 0 V V
HD 68273 1.87 -6.4 1
92740 6.5 1.4 5.1 12.2 -7.1 2
93128 7.1 1.4 5.7 12.2 -6.5 2
93131 6.7 1.4 5.3 12.2 -6.9 2
93162 8.4 1.4 7.0 12.2 -5.2 2
151932 6.55 1.7 4.8 11.4 -6.6 3
152270 6.70 1.5 5.2 11.4 -6.2 3
Mean Absolute Magnitude -6.4
Notes:
1. Velorum: Absolute magnitude estimated directly from
photometry of B type companion and U, B, V photometry of Hogg (1953) •
2. T) Carinae stars: Visual magnitudes from Roberts (1962). 
Absorption corrections estimated from Faulkner’s data (1963) Distance 
modulus from U, B, V and H ß photometry of the association.
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3. I Scorpii stars: Visual magnitudes from Houck (1956)•
Absorption estimated from the photometry of the surrounding B stars* 
Distance modulus from the U, B, V and Hf? photometry of the association.
A mean absolute magnitude of -6*4 (standard deviation -0.65) 
is found for the 7 stars. Detailed spectroscopic information is not 
available for the stars and, as a result, we are grouping together 
Wolf-Rayet stars of different types. Westerlund (1963 a) finds a 
mean apparent magnitude of 12.63 for the Wolf-Rayet stars in the young 
associations of the Large Magellanic Cloud. Adopting an apparent distance 
modulus of 19.0 for the Clouds, the corresponding mean absolute magnitude 
for this particular class is -6.4 magnitudes in excellent agreement v/ith 
our result.
6. The Hj? Index as an Age Criterion for Younp; Stellar Groups.
As a result of the close parallel development of 
observation and theory, the early evolutionary histories of stars with 
masses between 2 and 20 times that of the sun can now be traced with 
reasonable certainty. Excluding the white dwarf stage, the major part 
of the active life of a star is very probably spent close to the 
equilibrium main sequence state in which energy generation is proceeding 
through the conversion of hydrogen into helium in the star’s central 
core. This state follows the rapid Kelvin contraction stage and 
precedes the onset of helium burning in the core.
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Most s t a r s  o f  e a r ly  s p e c t r a l  type a re  observed in  t h i s  main 
sequence phase o f  t h e i r  e v o lu tio n . As th e  hydrogen in  th e  core i s  
slow ly  d e p le ted , th eo ry  p re d ic ts  th a t  s l ig h t  in c re a se s  in  lum inosity  
coupled w ith  sm all d ec reases  in  th e  su rfa ce  tem pera tu re  occur. These 
sm all changes a re  confirm ed by th e  observed colour-m agnitude diagrams 
f o r  young c lu s t e r s .
I t  i s  p o s s ib le  to  re p re se n t th e se  i n i t i a l  phases o f s t e l l a r  
e v o lu tio n  in  s e v e ra l  system s o f pho tom etric  c l a s s i f i c a t i o n .  In  
p a r t i c u l a r ,  Crawford’s system , which u ses the two param eters H 
i n t e n s i ty  and (U-B)q c o lo u r index , i s  v e iy  s u i ta b le  fo r  th i s  ta s k .  The 
H p in d ex , which i s  a  very  s e n s i t iv e  c r i t e r io n  o f ab so lu te  m agnitude, 
can be used in  co n ju n c tio n  w ith  th e  tem peratu re  dependent co lou r index 
(U-B) to  d e sc rib e  th e se  sm all changes.
In  p r a c t ic e ,  a  c e r ta in  amount o f  s c a t t e r  in  both the and 
(U-B)q in d ic e s  i s  in tro d u ced  by e f f e c t s  o th e r than  th o se  due to  
lu m in o sity  and tem p era tu re . S t e l l a r  r o ta t io n ,  fo r  example, has been 
c i te d  by G uthrie (1963) as a  m ajor c o n tr ib u to r  to  the  d isp e rs io n . O ther 
u n c e r ta in t ie s  a r i s e  in  th e  allow ance fo r  in c ip ie n t  l in e  em ission and in  
th e  c o rre c tio n s  fo r  i n t e r s t e l l a r  redden ing . As a r e s u l t ,  i t  i s  no t 
p o s s ib le  to  make a d e ta i le d  com parison between th e o r e t ic a l  models and 
pho tom etric  s p e c t r a l  c l a s s i f i c a t io n s  fo r  in d iv id u a l s t a r s .  For a  group 
o f e a r ly  type s t a r s ,  however, t h i s  s c a t t e r  can u s u a lly  be tak en  in to  
acco u n t. Crawford (1958) p lo t te d  th e  H|S index  a g a in s t  the  co lo u r index 
(U-B)q f o r  s ta r s  in  s e v e ra l  young a s s o c ia tio n s  and c lu s t e r s .  With the
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a id  o f  h i s  d iag ram s, he was a b le  to  d i s t i n g u i s h  o b s e r v a t io n a l ly  betw een 
g roups w ith  d i f f e r e n t  a g e s .
I t  i s  u s e f u l  to  draw a t t e n t i o n  to  th e  g r e a t  p o t e n t i a l  o f  
t h i s  m ethod, even though  th e  m ajo r e f f o r t  i n  t h i s  th e s i s  h a s  been p u t 
i n to  th e  d e te rm in a tio n  o f  r e l i a b l e  Hj? d is ta n c e s  f o r  g roups o f  e a r ly  
ty p e  s t a r s .  As an exam ple, we s h a l l  examine th e  o b s e rv a tio n s  o f  s t a r s  
i n  th e  S c o rp iu s -C en tau ru s  a s s o c ia t io n .  T h is  group i s  th e  n e a r e s t  o f  th e  
la r g e  a s s o c ia t io n s  and has been s tu d ie d  in  c o n s id e ra b le  d e t a i l .  B e r t ia u  
(1953) d e r iv e d  in d iv id u a l  a b s o lu te  m agn itudes f o r  a  la rg e  number o f  
group members from  an in v e s t i g a t io n  o f  t h e i r  p ro p e r  m otions and r a d i a l  
v e l o c i t i e s .  Blaauw (1958) n o te d  t h a t  th e r e  was some ev id en ce  in  
B e r t i a u 's  r e s u l t s  to  su g g e s t t h a t  s t a r s  i n  v a r io u s  p a r t s  o f  th e  a s s o c ia t io n  
w ere n o t a l l  form ed a t  th e  same tim e . He found t h a t  th e  a b s o lu te  
m agn itu d es  o f  th e  B2 s t a r s  in  th e  S c o rp iu s  s e c t io n  o f  th e  group w ere , on 
th e  a v e ra g e , 0 .5  m agn itudes f a i n t e r  th a n  th o s e  o f  th e  B2 s t a r s  i n  th e  
l e s s  dense p a r t  o f th e  a s s o c ia t io n  in  C en tau rus  and Crux. T here i s  a 
f u r t h e r  c h a r a c t e r i s t i c  d i f f e r e n c e  betw een th e  s t a r s  in  th e  two re g io n s .
In  S c o rp iu s , th e  s t a r s  a re  h e a v i ly  reddened  by dense c o n c e n tra t io n s  o f 
d u s t  w hich a re  f r e q u e n t ly  seen  a s  r e f l e c t i o n  n e b u la e . A few  o f  th e  
h o t t e s t  s t a r s  a re  su rro u n d ed  by H I I  r e g io n s .  On th e  o th e r  hand , th e  
C en tau ru s  s e c t io n  o f  th e  a s s o c ia t io n  i s  rem ark ab ly  devo id  o f  any d u s t 
o r  g a s .  P h o to m e tric  o b s e rv a tio n s  show th a t  a lm ost a l l  th e s e  s t a r s  a re  
e f f e c t i v e l y  un reddened . Blaauw proposed  th a t  th e  d i f f e r e n c e  i n  a b so lu te  
m agn itude between th e  B2 s t a r s  i n  th e  two re g io n s  was a  consequence o f  a
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d if f e r e n c e  in  th e  tim e o f fo rm ation  o f th e  s t a r s .  He suggested  th a t  
th e  h e a v ily  reddened S corp ius s ta r s  have only condensed re c e n tly  from 
th e  su rround ing  i n t e r s t e l l a r  medium but th a t  a co n sid e rab le  tim e has 
e lap sed  s in ce  s t a r  fo rm ation  came to  a  h a l t  in  th e  C entaurus s e c tio n  
o f  th e  a s s o c ia t io n .
Prom 5 -co lo u r photom etry o f some s t a r s  belonging to  t h i s  
a s s o c ia t io n ,  th e  W alravens found a se p a ra tio n  o f p o in ts  in  t h e i r  
diagram s which a lso  in d ic a te d  a d if fe re n c e  in  lum in o sity  between 
S corp ius and C entaurus s t a r s  o f a  s im ila r  s p e c t r a l  ty p e . S harp less  
(1962) used p h o to e le c tr ic  measurements o f th e  HY l in e  in te n s i ty  to  
dem onstrate  a  s im ila r  e f f e c t  in  th e  Orion a s s o c ia t io n . Both th e  
W alravens and S h arp less  in te rp re te d  t h e i r  r e s u l t s  as in d ic a t in g  age 
d if f e r e n c e s  w ith in  each a s s o c ia t io n .
The Strom lo Hß o b serv a tio n s  o f the  S co rp iu s-C entaurus 
a s s o c ia t io n  a re  found in  Table 3*5. These have been combined w ith  
th e  o b se rv a tio n s  o f H ardie and Crawford (1961) in  an a ttem pt to  use 
th e  II^ method to  v e r i f y  t h i s  spread o f age among th e  S co rp ius-C entaurus 
s t a r s .  H ardie and C raw ford 's l i s t  co n ta in s  only  th o se  a s s o c ia tio n  
members th a t  could be observed from n o rth e rn  l a t i t u d e s .  As a r e s u l t ,  
t h e i r  s tudy  r e f e r s  m ainly to  th e  S corp ius s e c tio n  o f  th e  a s s o c ia tio n . 
The Strom lo r e s u l t s  extend th e  a v a ila b le  d a ta  f o r  th e  C entaurus-Crux 
s e c t io n .
When two s e ts  o f r e s u l t s  a re  combined f o r  a n a ly s is ,  care  
must be tak en  to  ensure th a t  sy stem a tic  d if f e re n c e s  do no t a f f e c t  the
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c o n c lu s io n s . Any d if fe re n c e s  between the  HjP in d ic e s  can c e r ta in ly  be 
n e g le c te d . The measured index i s  independent o f atm ospheric e x tin c t io n  
and i n t e r s t e l l a r  redden ing . We have used th e  sane s e t  o f s tan d a rd  s t a r s  
and have defined  th e  index in  p re c is e ly  the  same way. For th e  8 s ta r s  
common to  the  Strom lo and the H ardie-Craw ford programmes, th e  agreement 
i s  good excep t fo r  one s t a r ,  HD 139365, fo r  which the  H ardie-Craw ford 
index  i s  2.69 and the Strom lo value  i s  2 .66 . E ggen 's U, B, V photom etry 
f o r  the  sou thern  Scorp ius-C entaurus s t a r s  ( l 961) was used to compute th e  
co lo u r index (U-B)q u s in g  the  nomogram pub lished  by Johnson (1958) fo r  
th e  s t a r s  observed a t  Mount S trom lo. Comparison w ith  th e  (U-B) v a lu es  
determ ined  by Crawford fo r  th e  8 common programme s ta r s  shows th a t  any 
sy s te m a tic  d if fe re n c e  between the Eggen and H ardie-Craw ford (U-B)q 
in d ic e s  i s  le s s  th a n  0.01 m agnitudes.
I t  i s  u s e fu l  to  compute th e  r e l a t i o n  th a t  would be expected 
to  e x is t  between the  H j? and (U-B)q in d ic e s  fo r  e a r ly  type  s ta r s  o f  
normal com position th a t  l i e  on the  zero-age  main sequence. For th e se  
s t a r s ,  Johnson and I r i a r t e  (l958) have p u b lished  a ta b le  co n ta in in g  the  
a b so lu te  m agnitude, M^, as a fu n c tio n  o f (U-B)q . Using the H^ c a l ib r a t io n  
th a t  was derived  in  C hapter 3 (Table 3•3)> i t  i s  p o s s ib le  to  convert 
t h i s  r e la t io n  in to  one connecting  th e  Hj£ index and th e  (ü-B )q index 
fo r  s t a r s  on the  i n i t i a l  main sequence. The r e s u l t in g  Hj? zero-age main 
sequence i s  p resen ted  in  Table 4 .9 .
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Table 4 .9 .
The Zero-age Main Sequence,
(D-S)o p
-0 .9 0 2.675
-0 .80 2.700
-0 .70 2.720
-0 .60 2.740
-0 .50 2.765
-0 .4 0 2.800
-0 .30 2.835
The combined and U, B, V o b se rv a tio n s  fo r  the  S co rp iu s- 
C entaurus a s s o c ia t io n  a re  p lo t te d  in  F igure  4 .3  w ith th e  index  as 
o rd in a te  and the  co lo u r index , (ü-B )q as a b s c is s a . S ta rs  fo r  which th e  
H^ in d ic e s  in  Table 3*5 suggest p o ss ib le  em ission  a re  n o t inc luded  in  
th e  p lo t .  D if fe re n t n o ta tio n s  a re  used  in  F igure  4 .3  to  denote th e  
v a rio u s  anounts of i n t e r s t e l l a r  reddening in  the  f i e l d .  The H z e r o -  
age main sequence i s  a lso  p lo t te d .
I t  can be seen  a t  once th a t  the  s t a r s  w ith  th e  la r g e s t  colour 
excesses ten d  to  l i e  c lo s e s t  to  the i n i t i a l  main sequence. The 
s e p a ra tio n  between h e a v ily  reddened and unreddened s ta r s  i s  g r e a te s t  
f o r  th e  most n e g a tiv e  v a lu es  o f (u-B )q which correspond to  s t a r s  w ith  
th e  e a r l i e s t  s p e c t r a l  ty p e s . For l a t e  B s p e c tr a l  ty p e s , th e  se p a ra tio n  
becomes much sm a lle r . The HjB zero -age  main sequence forms a sharp lower 
boundary to  the  p o in ts  on th e  diagram .
There i s  a  p o s s ib i l i ty  th a t  th i s  marked s e p a ra tio n  according
Figure 4.3 The Hp index is plotted against (U-B)q for the 
Scorpius-Centanrus stars. Different amounts of 
reddening are denoted by various notations. B-V colour 
excesses greater than 0.20 magnitudes are indicated by 
triangles. Colour excesses between 0.20 and 0.05 
magnitudes are shown by circles and those less than 
0.05 magnitudes by crosses. The computed zero-age 
main sequence is drawn in.
-0  60-  0 80 -0  40 -  0 20
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to  co lo u r excess could be caused by erroneous assum ptions made in  th e  
c o rre c t io n s  o f th e  observed (B-V) and (U-B) co lo u r in d ic e s  fo r  i n t e r ­
s t e l l a r  redden ing . An anomalous v a lu e  o f th e  co lo u r excess r a t i o ,
Ey g /E-g y fo r  example, could lead  to  th e  apparen t s e p a ra tio n  in  
F igure  4.3« I t  i s  easy to  show, however, th a t  t h i s  r a t i o  would have to  
be changed from i t s  u su a l va lue  n ea r 0 .7  to  about 0.1 to  remove the  
s e p a ra tio n . V a ria tio n s  in  t h i s  s lope  o f the  redden ing  l in e  o f 0 .2  o r 
0.1 have been found f o r  d i f f e r e n t  d ir e c t io n s  in  th e  Milky Way by 
Wampler (1962) but th e se  could only  account f o r  a very  sm all f r a c t io n  
o f  th e  e f f e c t  under d isc u ss io n .
Huang (1953) has measured r o ta t io n a l  v e lo c i t i e s  f o r  a  la rg e  
number o f S co rp iu s-C entaurus s t a r s .  His r e s u l t s  show no in d ic a t io n  of 
any s ig n i f ic a n t  v a r ia t io n s  in  th e  average r o ta t io n a l  v e lo c i t ie s  f o r  th e  
Scorp ius and C entaurus se c tio n s  o f th e  a s s o c ia t io n . I t  i s  very  
u n l ik e ly , th e re fo re ,  th a t  the  r o ta t io n a l  e f f e c t  proposed by G uthrie  
(1963) can be in s tru m e n ta l in  causing  the  s e p a ra tio n  in  F igure 4.3*
There seems indeed to  be s tro n g  evidence from th e  Hj^  and 
U, B, V o b se rv a tio n s  th a t  th e re  i s  a c tu a l ly  an i n t r i n s i c  v a r ia t io n  in  
lu m in o sity  betv/een reddened and unreddened s t a r s  w ith  a p a r t i c u la r  
(ü-B )q . Blaauw ' s su g g estio n  th a t  th i s  i s  a consequence o f a  d i f f e r e n t  
tim e o f fo rm ation  f o r  th e  s t a r s  in  th e  two reg io n s  i s  supported  by the  
o b se rv a tio n  th a t  the  se p a ra tio n  i s  g r e a te s t  f o r  th e  most luminous and 
presum ably th e  most m assive s t a r s  in  th e  group th a t  are  expected to  
evolve a t th e  f a s t e s t  r a t e .  A fu y ih e r  p o in t in  favou r of th i s
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i n t e r p r e t a t i o n  i s  t h a t  th e  s t a r s  m ost h e a v i ly  reddened  fo llo w  c lo s e ly  
th e  in d e p e n d e n tly  computed Hj? ze ro -a g e  m ain sequence in  F ig u re  4 .3 .
Assuming t h a t  th e  e f f e c t  i s  due e n t i r e l y  to  a  sp read  in  
ages o f  th e  s t a r s  in  d i f f e r e n t  p a r t s  o f  th e  a s s o c ia t io n ,  i t  i s  p o s s ib le  
to  amke a  q u a n t i t a t iv e  e s tim a te  o f  th e  p e r io d s  o f  tim e in v o lv e d . In  
F ig u re  4 .4 ,  e v o lu tio n a ry  t r a c k s  a re  p lo t t e d  on an Hj? -  (u-B )q d iagram  
f o r  s t a r s  o f  2 0 .0 , 1 1 .0 , 6 .0  and 3 .5  s o la r  m asses u s in g  th e  m odels 
computed by Henyey, L eL evier and Levee (1959)• The e f f e c t iv e  
te m p e ra tu re s  and b o lo m e tric  m agn itudes o f th e s e  m odels were tran sfo rm e d  
to  (B-V)0 and Hj? in d ic e s  w ith  th e  a id  o f  th e  r e c e n t  c o m p ila tio n  by 
H a r r is  (1963) o f d a ta  on b o lo m e tric  c o r r e c t io n s  and th e  s t e l l a r  
te m p e ra tu re  s c a le .  The a b s o lu te  m agnitude c a l i b r a t i o n ,  T ab le 3»3> was 
a l s o  u se d . The (B-V) c o lo u r  in d ic e s  were c o n v e rted  in to  (U-b )q 
in d ic e s  u s in g  th e  r e l a t i o n  d e r iv e d  by Morgan and H a r r is  (1956)•
In  F ig u re  4 .4 ,  3 p o in ts  from  each  e v o lu tio n a ry  t r a c k  a re  
p lo t t e d  w ith  numbers in d ic a t in g  th e  age o f  each  model in  u n i t s  o f 
10^ y e a rs  w ith  r e s p e c t  to  th e  i n i t i a l  m ain sequence s t a t e .  A com parison 
betw een t h i s  d iagram  and F ig u re  4 .3  su g g e s ts  t h a t  th e  h e a v i ly  reddened  
s t a r s ,  c lo s e  to  th e  ze ro -a g e  m ain sequence a re  v e ry  young w ith  
e v o lu tio n a ry  ages v e ry  much l e s s  th a n  10 m il l io n  y e a r s .  I t  seems 
p ro b a b le , th e n , t h a t  s t a r  fo rm a tio n  i s  s t i l l  go ing  on i n  th e  dense 
d u s t  and gas c o n c e n tra t io n s  i n  th e  n o r th e rn  p a r t  o f  th e  a s s o c ia t io n .  On 
th e  o th e r  hand, in  th e  d u s t and gas f r e e  so u th e rn  p a r t  o f  th e  a s s o c ia t io n ,  
th e  s t a r s  as a  whole ap p ea r to  have an e v o lu tio n a ry  age betw een 20 and
Figure 4.4. Evolutionary tracks are plotted on an Hf - (u-B) 
diagram. These are based on the models computed by 
Henyey, LeLevier and Levee for stars of 20, 11, 6 and 
3.5 solar masses. The numbers indicate the ages of 
models with respect to their initial main sequence 
states. The independently computed zero-age main 
sequence is also drawn in.
2 . 6 0
2 8 0
-  0 80-  I . 2 0 -  O-4 0
( U - B )
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30 m il l io n  y e a rs . H ardly any o f th e se  s ta r s  are  re p re se n te d  by p o in ts  
in  th e  p a r t  o f th e  diagram corresponding  to  ages le s s  th an  10 m il l io n  
y e a r s .  C onversely , none o f th e  s ta r s  h e av ily  reddened by th e  S co rp iu s- 
Ophiuchus d u s t complexes, appear to  have ages much g re a te r  than  10 
m il l io n  y e a rs . I t  th e re fo re  seems l ik e ly  t h a t ,  w hile s t a r  fo rm ation  
ceased  in  th e  sou thern  p a r t  o f th e  S corp ius-C en taurus a s s o c ia t io n  more 
th a n  te n  m il l io n  y ears  ago, i t  i s  a com paratively  re c e n t event in  th e  
n o r th e rn  p a r t  in  S co rp iu s . U n fo rtu n a te ly , o b se rv a tio n s  were no t made 
a t  Mount Strom lo of any f a in t  members o f th e  a s s o c ia t io n  w ith  l a t e  B 
s p e c t r a l  ty p e s . I f  H|? and U, B, V d a ta  were a v a ila b le  fo r  th e se  s ta r s  
in  th e  so u th ern  s e c tio n  o f th e  a s s o c ia t io n  i t  should be p o s s ib le  to  use 
P ig u re  4 .4  to  make an e s tim a te  o f th e  p e rio d  over which B s t a r  fo rm ation  
was a c tiv e  in  t h i s  p a r t  o f th e  group.
7 . C onclusion .
In  th e  s e v e ra l  a p p lic a t io n s  o f t h i s  c h a p te r , we have 
shown how photom etry in  i t s  p re sen t form can be a v e ry  pow erful to o l  
i n  th e  s tudy  of d is ta n t  groups of e a r ly  type  s t a r s  in  th e  Galaxy. While 
th e re  may be a number o f changes in  th e  d e ta i le d  tech n iq u es  o f hydrogen 
l i n e  photom etry, i t  does n o t seem l ik e ly  th a t  th e re  w i l l  be any m ajor 
improvements in  the  p re c is io n  o f hydrogen l in e  a b so lu te  m agnitudes in  
th e  immediate f u tu r e .  The causes o f th e  s c a t t e r  in  th e  c a l ib r a t io n  
r e l a t io n s  a re  m anifold  and i t  i s  d i f f i c u l t  to  see how th ey  can a l l  be 
ta k en  in to  account w hile s t i l l  r e ta in in g  the  main advantages of the
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m ethod. F or exam ple, i t  i s  u n l ik e ly  t h a t  th e  s c a t t e r  in tro d u c e d  by 
s t e l l a r  d u p l i c i t y  can  be e l im in a te d  w ith o u t a  la rg e  number o f  ro u t in e  
r a d i a l  v e l o c i ty  m easurem ents be ing  made f o r  each  programme s t a r .
N e v e r th e le s s ,  v e ry  s a t i s f a c t o r y  r e s u l t s  can be o b ta in e d  w ith  
th e  method i n  i t s  p r e s e n t  form . In  C hap ter J>, a lu m in o s ity  c a l i b r a t i o n  
was d e r iv e d  and i t  was shown how th e  Hß d is ta n c e  m o d u li, e s tim a te d  f o r  
a  number o f  n e a rb y  s t e l l a r  g roups ag reed  to  w ith in  a  few te n th s  o f  a  
m agnitude w ith  th o se  d e te rm in ed  in d e p e n d e n tly  o f  hydrogen l i n e  c r i t e r i a .
When u sed  in  c o n ju n c tio n  w ith  p h o to g rap h ic  su rv ey s f o r  OB s t a r s ,  
th e  m ethod i s  o f  p a r t i c u l a r  v a lu e  f o r  d e te rm in in g  th e  d is ta n c e s  o f 
a p p a re n tly  f a i n t  and rem ote a g g re g a te s  o f  young s t a r s .  E a r l i e r  i n  t h i s  
c h a p te r ,  we d em o n stra ted  how th e  method co u ld  be used  in  c o n ju n c tio n  
w ith  th e  te c h n iq u e s  o f  r a d io  astronom y to  s tu d y  th e  la rg e  s c a le  
s t r u c t u r e  o f  th e  G alaxy. In  th e  tim e a v a i la b l e ,  o n ly  a  few o f  th e  many 
i n t e r e s t i n g  s t a r  f i e l d s  in  th e  so u th e rn  M ilky Way cou ld  be s tu d ie d  i n  th e  
p r e s e n t  in v e s t i g a t io n .  R ich  OB s t a r  f i e l d s  in  P u p p is , V ela  and Norma, 
to  g iv e  p a r t i c u l a r  exam ples, s t i l l  a w a it c lo s e  a t t e n t i o n  from  so u th e rn  
hem isphere a s tro n o m e rs . In  th e  n o r th e rn  M ilky Way, many u s e f u l  r e s u l t s  
would fo llo w  from  th e  a p p l ic a t io n  o f  th e  method to  th e  r i c h  OB s t a r  
f i e l d s  i n  Scutum , Cygnus and P e rs e u s . I t  i s  e s p e c ia l ly  enco u rag in g  to  
n o te  t h a t  programmes o f t h i s  k in d  can be c a r r i e d  o u t w ith  te le s c o p e s  o f 
on ly  m oderate  a p e r tu r e .  T h is f e a tu r e  o f  H p h o t o m e t r y  has made i t  p o s s ib le  
to  u n d e r ta k e , w ith  o n ly  m odest in s tru m e n ta t io n ,  e x te n s iv e  in v e s t ig a t io n s  in  
an  a re a  o f  a s tro n o m ic a l r e s e a r c h  t h a t  fo rm e rly  co u ld  be pu rsued  on ly  by 
o b se rv e rs  w ith  th e  l a r g e s t  te le s c o p e s  a t  t h e i r  d is p o s a l .
120
BIBLIOGRAPHY.
Adams, W.S. and Joy, A.H. 1922, Ap.J., J56, 242.
Adams, W.S. and Kohlschutter, A. 1914, Ap.J., 40, 385.
Aller, L.H. and Jugaku, J. 1958,
Anger, C.J. 1930,
1931,
1935,
Baade, W• 1951,
Bappu, M.K.V., Chandra, S.B.,
Sinvhal, S.D. and Sanwal, W.B. 1
Becker, W. 1938,
1961,
Beer, A. 1961,
Bertiau, P.C. 1958,
Blaauw, A. 1946,
1958,
1963,
Bok, B.J. 1963
1963
Bok, B.J., Bester, M.J. 
Wade, C.M.
BHd 1955f
Ap.J., 128, 616.
Harvard Obs. Circular No. 352.
Harvard Obs. Circular No. 362.
Harvard Obs. Circular No. 397. 
Publ.Obs.Uni. Michigan, 10, 7.
M.N. 123, 521.
Zs. f. Ap. 15, 225.
Zs. f. Ap. 51, 49.
M*N. 123, 191.
Ap.J., 128, 533»
Publ.Astron.Lab. Gronigen. No. 52.
IAU Symposium No. 10, 105.
Basic Astronomical Data, Ed.
K.A. Strand,(üniv. of Chicago Press) 
p. 383.
, IAU/URSI Symposium No. 20, paper 36, 
(in press)
, IAU/URSI Symposium No. 20, paper, 68, 
(in press).
1955) Proc.Am.Acad.Arts and Sei. 86, 9
121
Bok, B . J . ,  Bok, P .F . and 
B a s in s k i ,  J.M . 1962, M.N. 125, 487.
Bok, B .J .  and van W ijk, U. 1952, A .J . 57, 213.
G halonge, D. 1958, S t e l l a r  P o p u la t io n s ,  ed . O 'C onnell 
(V a tic an  P re s s )  p . 345.
C raw ford , D.L. 1958, A p .J . ,  128, 185.
1960, A p .J . ,  152, 66.
1961, A p .J . ,  153, 860. 
1963 a ,  A p .J . ,  1 3 7 , 523. 
1963 b , A p .J . ,  1 3 7 , 530.
D av is , R. 1959, D is s e r t a t i o n ,  H arvard U n iv e r s i ty .
E lv ey , C.T. and S tru v e , 0. 1930, A p .J . ,  72, 277.
Eggen, O .J . 1961, R. Obs. B u ll .  No. 25.
F a i r f i e l d ,  P . 1924, H arvard Obs. C ir c u la r ,  No. 264.
F e a s t ,  M.W. 1958, M.N. 118, 618.
F e a s t ,  M.W., S to y , R .H ., T hackeray , A.D.
and W esselink , A .J . 1961, M.N. 122, 239.
F e a s t ,  M.W. and T hackeray , A.D. 1963» Mem. R .A .S . ( in  p r e s s ) .
F e a s t ,  M.W., T hackeray , A.D.
and W esselink , A .J . 1957, Mem. R .A .S . 68, No. 1.
F e rn ie ,  J .D . 1963, O b se rv a to ry , 83 , 33.
G reaves, W.M.H., B aker, E .A ., W ilson , R . , B u t le r ,  H .E .,
Seddon, H. and Thompson, G .I . 1955 -  1961, E d inburgh  P u b l. V o ls . I  and I I .
122
/»  *
G onzalez, G. and Gonzalez, G. 1954,
1955,
G u th rie , B.N.G. 1963,
Gum, C.S. 1955,
H ard ie , R.H. and Crawford, D.L. 1961 , 
H a rr is , D.L. 1963,
Heckmann, 0 . and Johnson, H.L. 1956,
Henyey, L .G ., LeLevier, R. and
Levee, R.D. 1959,
H ertzsp rung , E. 1905,
H i l tn e r ,  W.A. and Johnson, H.L. 1956,
H o f f l e i t ,  D. 1956,
Hogg, A.R. 1958,
1960,
Houck, T.E . 1956,
Huang, S .S . 1953,
H u lb e rt, E.O. 1924,
Johnson, H.L. 1957,
1958,
1960,
1963,
Johns on, H. L. and H il tn e r ,  W.A. 1956,
Johnson, H.L. and Morgan, W.W. 1953,
Johnson, H.L. and I r i a r t e ,  B. 1958,
K err, P. J . 1962,
B o l.T o n a n tz in tla  y Tacubaya,N o.11,25. 
B o l.T o n a n tz in tla  y Tacubaya,N o.13, 5. 
Edinburgh P u b lic a tio n s , I I I ,  84.
Mon. R.A.S. 67, 155.
Ap. J . , _1_33, 843.
Basic A stronom ical D ata, Ed.K.A. S tran d , 
(Uni. Chicago P re ss )  p . 263.
Ap. J . ,  J2 4 , 477.
A p .J . , 129» 2.
Zs. f .  W iss. P ho tograph ie , 3., 429.
Ap. J . ,  124, 367.
Ap. J . ,  124, 61.
Mt. Strom lo Mimeogram, No. 2.
P .A .S .P . 72, 85.
D is s e r ta t io n ,  U n iv e rs ity  of W isconsin. 
A p .J ., 118, 285.
Ap. J . ,  59, 177.
A p .J ., 126, 121.
Lowell B u ll. _4, 37.
Lowell B u ll. _5, 17.
Basic A stronom ical D ata, Ed. K .A .Strand, 
(Uni. Chicago P re s s )  p . 204.
A p .J . , 123, 267.
A p .J ., JT7, 313.
Lowell B u ll. _4, 47.
M.N. 123, 327.
123
Kolb, A.C. 1956,
Kopylov, I.M. 1953,
Kraft, R.P. and Schmidt, Ivl. 1963,
Kukarkin, B.V., Parengo, P.P., Efremov,
and Kholopov, P.N. 1958,
Liller, W. 1957,
lindblad, B. 1922,
1926,
Lindblad, B. and Schalen, C. 1926,
Lindblad, B. and Stenquiet, E. 1934,
Lochte-Holtgreven, W. 1952,
Mathewson, D.S., Healey, J.R. and 
Rome, J.M. 1962,
McDonald, J. 1953»
McNamara, D.H* 1963,
McNamara, D.H. and Larsson, H.J.1962,
Mills, B.Y. 1959,
Morgan, W.W. 1950,
1953,
Morgan, W.W. and Harris, D.L. 1956,
Morgan, W.W. Keenan, P.C. and
Kellman, E. 1943,
Morgan, W.W., Whitford, A.E. and 
Gode, A.D. 1953,
Dissertation, University of Michigan 
Crimea Publ. _20, 156.
Ap.J., 137, 249.
Yu. I.
General Catalogue of Variable Stars 
(2nd.Ed. U.S.S.R. Acad.Sei.)
P.A.S.P. 69, 511.
Ap. J., 55., 85.
Medd.Astr.Obs. Uppsala, No. 11. 
Medd.Astr.Obs. Uppsala, No. 17. 
Stockholm Annals, J_1_, No. 12. 
Observatory, 72, 145.
Aust. J. Phys. _15., 369.
Publ.Dom.Ap.Obs. Victoria, _9, 269. 
Ap.J., 137, 316.
Ap.J., 135, 748.
P.A.S.P. 71, 267.
Publ.Obs.Uni. Michigan, 10, 43«
Ap.J., 118, 323*
Vistas in Astronomy, Vol 2, Ed.Beer, 
(Pergamon) p. 1124.
An Atlas of Stellar Spectra.
(Uni. of Chicago Press).
Ap.J., 118, 318.
124
Morgan, W.W., S h a rp le ss , S. and
O sterbrock , D. 1952,
Munch, L. 1951,
1954a,
1954b,
Munch, L. and Morgan, W.W. 1953,
Odgers, G r . 1952,
P e t r i e ,  R . M . 1952,
1956,
1962,
P e t r i e ,  R.M. and M aunsell, C. D. 1950,
P e t r i e ,  R.M. and Moyls, B.N. 1956,
R o b erts , M.S. 1962,
Rodgers, A.W., Campbell, C.T. 
W hiteoak, J .B .
and
1960,
Rodman, J .P . 1963,
Schalen , C. 1926,
Schm idt, von, K.L. 1957,
S h a rp le ss , S. 1962,
S her, D. 1963,
S in n e rs ta d , U. 1961a,
1961b,
StrÖmgren, B. 1958a;
A .J . 57, 3.
A p .J . , 115» 309.
B o l.T o n a n tz in tla  y Tacubaya, No,9»29. 
B o l.T o n a n tz in tla  y Tacubaya, N o.11,19 
B o l.T o n a n tz in tla  y Tacubaya, No.8, 19
A p .J ., 116, 444.
Publ.D om .A p.O bs.V ictoria, _9, 251.
V is ta s  in  Astronomy,V o l.2. Ed. Beer, 
(Pergamon) p . 1346.
M.N. 123, 501.
Publ.D om .A p.O bs.V ictoria, Q, 253. 
Publ.D om .A p.O bs.V ictoria, 10, 287. 
A .J . 67, 79.
M.N. 121, 103.
A pplied O p tics , _2, 165.
M edd.A str.O bs. U ppsala, No. 10.
A.N. 284, 76.
Ap.J», 136, 767.
O bservatory  ( in  p re s s ) .
Stockholm Annals, 2J_, No. 6.
Stockholm Annals, 22., No. 2.
S t e l l a r  P o p u la tio n s , Ed. O 'C onnell, 
(V atican  P re s s )  p . 385.
125
S tröm gren , B. 1958b,
1962,
1963,
S tru v e , 0* 1929,
Sw eet, P .A . and Roy, A .E. 1953,
T hackeray , A.D. 1956,
T hackeray , A .D ,, W esselink , A .J . 
and H ard ing , G.H. 1962,
'^ ra v in g , G. 1955,
1957,
T u rn e r, E .B . and D oherty , L.R. 1955,
U n d e rh i l l ,  A.B. 1952,
V erw e ij, S . 1936,
W alraven, Th. and W alraven, J .H .1960, 
Wampler, E .J .  1961,
1963,
W este rlu n d , B.E. 1961,
1963a,
1963b,
W hiteoak, J .B . 1962,
W illiam s, E .T .R . 1929,
Young, A .T. 1963,
O b se rv a to ry , 78, 137.
I n t e r s t e l l a r  M a tte r  in  G a la x ie s , Ed. 
W o ltje r ,  (Benjam in P re s s )  p . 38.
Q u a r .Jo u rn a l , R .A .S . _4, 8 .
A p .J . , 69, 173.
M.N. 1 1 3 , 701.
N a tu re , 178, 1458.
M.N. 124, 445.
Zs. f .  Ap. 36, 1.
Zs. f .  Ap. 41, 215.
A .J . 60, 158.
Ap *J»,  116, 446.
P u b l.A s tr .In s t .A m s te rd a m
B.A.N. 1 5 , 67.
A p .J . , 134, 861.
A p .J . , 137, 1071.
U ppsala  A n n a le r, _5, 1.
IAU/URSI Symposium No. 20, p ap e r N o.65 
( in  p r e s s ) .
P ro c . Bandung I n s t ,  o f  T echno logy ,64.
D is s e r t a t i o n ,  A u s t r a l ia n  N a tio n a l 
U n iv e r s i ty .
H arvard  Obs. C ir c u la r  No. 348.
A pplied  O p tic s , _2, 51.
